The Journal of 
Thoracic Surgery 


Marcu, 1957 


Original Communications 
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LTHOUGH it has been 191 years since the first case of pharyngeal diver- 

ticulum was described by Ludlow in 1764,* ?* ** there is still confusion 

in the literature concerning the exact site of origin of these diverticula. The 

present discussion is based upon a review of the literature, a study of hospital 
records, and personal experience. 


The best classification of pharyngeal diverticula is that of Hill’*: (1) Con- 
genital centrally placed anterior diverticula at the base of the tongue (rare), 
(2) Congenital lateral postfaucial diverticula, cr aeroceles, represent per- 
sistent visceral pouches of the embryo (inner end of the second pouch). 
These diverticula usually have a small opening behind the tonsil on the palato- 
pharyngeal fold but the opening may become enormous and are often asso- 
ciated with a bronchial fistula or eyst.?” 


Pulsion diverticula or deep pharyngeal pressure diverticula, the most 
common variety, is the subject of this report (retrocervical diverticula of the 
pharynx). The opening of these pouches is always posterior in the midline at 
the junction of the upper oblique and lower transverse sphincterie fibers of 
the inferior constrictor muscle. The latter is known as the ecricopharyngeus 
muscle. There is normaily a slight gap between these two sets of muscle fibers 
known as Killian’s dehiscence (Hill'?). At this site, a depression, the pharyn- 
geal dimple, is described on endoscopic examination. One explanation is that 
a bolus of food, shot off the back of the tongue in swallowing, impinges upon 
this part of the pharynx causing the dimple. Marked increase in this recess 
results in pulsion diverticulum. As the pouch enlarges, it usually extends to 
the left, but occasionally to the right. A prominent swelling may be noted in 
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the neck when a large distended sac is present and, as will be emphasized 
later, the diverticulum may extend, in rare cases, into the thorax as far as the 
lung root. 

Moynihan** deseribed another form, the lateral diverticulum that he 
thought differed from the median pulsion diverticulum. Although he had 
never dissected a specimen of lateral diverticulum, from the drawings and 
description of the only two records of which he was aware (Butlin® and 
Chevalier Jackson'*), he was of the opinion that they occur. Mr. Urquhart, 
at that time (1927) Curator of the Museum at St. Thomas’ Hospital in Lon- 
don, agreed with Moynihan that the origin of the diverticulum placed in St. 
Thomas’ Hospital by Butlin was lateral. Moynihan** stated that if the 
pharynx is dissected from behind, a large pad of fat is found at the upper part 
of the esophagus on each side just below the border of the cricopharyngeus. 
On teasing away the fat, a gap is found on either side for the passage of the 
recurrent laryngeal nerve, a branch of the inferior thyroid artery and vein, 
and a bundle of lymphatic vessels. It was here that he said he would expect 
a lateral pouch to develop. 

Harrington” studied, at autopsy, 6 patients with pulsion diverticula who 
had died of other causes. The defect in 3 was described in the left-posterior 
wall of the pharynx between the inferior constrictor and cricopharyngeus 
muscles. In 1, it was in a similar position on the right side, and in 2 cases, 
the defect was in the cardinal posterior midline through the lower fibers of 
the cricopharyngeus muscle. If these defects arise laterally, they are certainly 
rare. Although Harrington titled his article, ‘‘Pulsion Diverticulum of the 
Hypopharynx at the Pharyngo-Esophageal Junction,’’ he described them as 
originating in the pharynx. 

Alexander Lee McGregor, lecturer on surgical anatomy at the University of 
Witwatersrand, in 1932, published a little book ealled ‘‘A Synopsis of Surgi- 
eal Anatomy,’’* in which a chapter on ‘‘The Anatomy of Congenital Errors’’ 
differentiated congenital from acquired diverticula by their’ characteristics. 

In congenital diverticulum, the wall contains all the coats of the parent 
viscus. 

In acquired diverticulum, there is little or no muscle in the wall. The neck 
is narrow and although the diverticulum may be covered by a few muscular 
fibers, these are insufficient to empty the diverticulum completely. Thus, stagna- 
tion of substance passing into it may occur. As the diverticulum enlarges, the 
neck is smaller than the diverticulum so that the isthmus may become obstructed. 
His thesis was that these diverticula are dangerous in that they may distend, 
obstruct, or perforate. 


HISTORY 


Mr. Ludlow, surgeon at Bristol,* ** first described pharyngeal diverticula 
in a letter to Dr. Wm. Hunter as ‘‘preternatural dilatation of, and bag forma- 
tion in the pharynx.’’ The case was observed by Ludlow in 1764, and the 
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specimen is in the Hunterian Museum in Glasgow. Moynihan** was impressed 
with the excellence of the original illustrations and the ‘‘accuracy of the 
description of the symptoms and morbid anatomy.”’ 

Monro of Edinburgh, in 1811, described these pouches and discussed the 
method of their formation (Moynihan, 1927‘). 

Sir Charles Bell, in 1816, presented a patient upon whom he had passed 
a bougie at intervals of two weeks for a considerable period of time because 
of the gradual accumulation of mucus in the throat. When this patient died 
of another cause, the patient’s friends asked Bell to examine the body. He 
found a bag projecting from the lower and posterior portion of the pharynx 
pushing into a ‘‘space betwixt the esophagus and spine.’”’ In reviewing Mr. 
Ludlow’s report, Bell® stated that Ludlow ‘‘.. . believed the bag to be muscu- 
lar. Although it be hazardous to form a conclusion from a single example, 
yet in saying the bag is not muscular, I am supported by very strong analo- 
gies. I think that the bag is produced by a protrusion or hernia of the inner 
coat c* the pharynx through the fasciculi of the constrictor pharyngis as in 
diverticula of the urinary bladder.’’ He described the difficulties he had had in 
passing the bougie and after doing the autopsy could explain the reasons. ‘‘It 
was evident that this bag was the cause of the obstruction by receiving the end of 
the bougie. For when the instrument was directed backwards, the point of it 
must have entered the bag; and when carried in the opposite direction, it must 
have passed into the chink of the glottis. When the bougie was directed laterally, 
it escaped both these holes and went into the proper canal.’’ 

Zenker and Ziemssen*® first stated that these pulsion diverticula devel- 
oped at the junction of the pharynx and esophagus. This area is known as 
the Lannier-Haeckermann area, although Moynihan, in 1927,?4 in searching 
for Lannier found that the name was Laimer, ‘‘a former proseector in Graz.’’ 
He gave the following reference, Laimer: Med. Jahrbuch. Wien, 1888, P. 333.* 

Haeckermann’s thesis? was published in 1891. This area is described as 
triangular, lying below the inferior constrictor muscle on the posterior wall 
at the origin of the esophagus, where the musculature was considered weak. 
Waggett and Davis,** however, reported, in 1912, that they examined speci- 
mens of gullets from recent autopsies, and performed pressure experiments on 
them by attaching one end to the tap and securing the other. There was a 
uniform dilatation of the esophagus above and below the cireular and sphineter 
portion of the inferior constrictor muscle but no weakness could be demon- 
strated on the wall of the esophagus immediately below the inferior constric- 
tor. Small incisions were made through the longitudinal muscle coat and pro- 
longed water pressure applied, but neither sacculation nor dilatation occurred 
at the incisions, showing that the remaining portion of the wall of the gullet 
was strong enough to resist any protrusion of the mucosa. Although subse- 
quently overlooked, Hill,’? in 1926, reported that he had repeated and con- 
firmed Waggett and Davis’ observations. 

*This reference was obtained at the Stanford Lane Library, but the volume did not 


contain the article. The librarians at Stanford Lane taaaaile thinking that this might be a 
typographical error, found the correct year to be 1 
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Killian’® established this pouch as a protrusion of the mucous membrane 
of the pharynx, 1 em. above the origin of the esophagus, between the oblique 
and transverse fibers of the inferior constrictor muscle in the midline, poste- 
riorly. 

As noted above, with enlargement of the diverticulum, it falls to one side 
of the midline, more often to the left but occasionally to the right. It lies 


Fig. 1.—Pharyngeal diverticula. 1, Normal musculature of hypopharynx, showing the 
arrangement of inferior constrictor muscle. 2, Separation of circular and oblique divisions of 
the inferior constrictor. $8, Small pouch. 4, Large pouch. (From Negus, V. E.: Pharyngeal 
Diverticula, Brit. J. Surg., October, 1950, Fig. 196, page 140.) 
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between the prevertebral and pretracheal layers of the cervical fascia and may 
eventually occupy the posterior mediastinum. The sac is usually pyriform 
in shape as it enlarges and the pharyngeal orifice is fairly wide. As the sac 
sags down with increasing size, the pharynx comes into alignment with it and 
the opening of the esophagus appears as a longitudinal narrow aperture on 
the anterior border of the neck of the sae. This was apparent to Zenker and 
Ziemssen in 1877.°° It is thus easy to understand how all food and all instru- 
ments pass more readily into the diverticulum than into the esophagus. 

There may be variations in the thickness of the sac. It is surrounded by 
varying amounts of loose fasciculi of striated muscle arising from the inferior 
constrictor. Killian'® (in 1908) stated that, in the previous ten years, he had 
observed 7 cases of pulsion diverticula of the pharynx, 6 of which were de- 
scribed by his pupil, von Eichen. Killian described the use of the esophago- 
scope in making the diagnosis. He noted that the tube usually entered the 
diverticulum first and then by pulling backward slightly and pressing the tip 
forward against the ecricoid, the opening into the esophagus could be recog- 
nized. This is well illustrated in Lahey and Warren’s article’® (illustrations, 
page 5—the third stage of development). (Fig. 1.) It explains the danger 
of ‘‘blind bougienage’’ and also how perforation can occur with the esoph- 
agoscope. Killian described introducing a small ‘‘sonde’’ and probing behind 
the larynx until the opening is found and introducing the esophagoscope over 
the ‘‘sonde’’ and then pulling the latter out. He stated, ‘‘a new instrument 
made by my assistant, Bruinings, offers the combination of the ‘sonde’ and 
the tube called ‘open beak.’ ’’ 

Professor Arthur Keith’ in a paper entitled ‘‘A Demonstration on Diver- 
ticula of the Alimentary Tract of Congenital or of Obscure Origin,’’ delivered 
at a meeting of the Royal College of Surgeons of England and published in the 
British Medical Journal, Feb. 12, 1910, presented 10 cases of retrocervical 
diverticula of the pharynx. Because of the importance of this paper to this 
subject, it is freely quoted: 

In 6 of the ten cases, the sae is shown in relation to the pharynx. The 
pouch springs from the posterior wall of the pharynx, its origin situated opposite 

the cricoid cartilage. The sac is composed of mucous and sub-mucous coats of 

the pharynx which have gradually evaginated between two definite parts of 

the inferior constrictor muscle. On smaller sacs and round necks of larger ones 

may be seen scattered muscle fibers derived from the inferior constrictor. The 

two parts of the inferior constrictor are separated by the opening orifice of the 

diverticulum (two figures shown). The lowest part is mainly attached to the 

cricoid cartilage and serves as a sphincter to the upper orifice of the esophagus. 

The upper or chief part of the inferior constrictor serves another purpose. Its 

main function is to seize a bolus of food and force it into the esophagus in the 

following manner. In deglutition, the larynx is drawn upward and forward, 

the quadrate plate of the cricoid cartilage being thus drawn away from the pos- 

terior wall of the pharynx, so that the bolus of food may sink into the space 

between the quadrate plate of the cricoid and the inferior constrictor muscle. 

The moment the bolus reaches the retro-circoid space, it is seized by the inferior 

constrictor, compressed against the cricoid quadrate plate and forced past the 


sphincter into the esophagus. Apparently in the act of swallowing the upper 
sphincter of the esophagus is relaxed, but of the nervous mechanism we know 


= 
as 
a 


INGRAM AND FOSTER J. Thoracic Surg. 
March, 1957 


nothing. A study of the mechanism of swallowing shows why diverticula arise 
at the junction of the two parts of the inferior constrictor, between the upper 
part which acts as a force pump and the lower part which is sphincteric in ac- 
tion. It is between these two parts that the mucous membrane of the pharynx 
becomes evaginated to form diverticula. 


Professor Keith’> stated he was certain that these pouches were uncon- 
nected with embryological bronchial clefts because the youngest subject on 
record at that time was 45 years of age. 


Preparations made by the prosector William Pearson show that the diver- 
ticula arise where a special deep layer of the inferior constrictor ends. These 
deep longitudinal fibers have been described by the late Professor Birmingham. 
After these demonstrations were delivered, Dr. Scanes Spicer was good enough 
to draw my attention to a very remarkable paper by Prof. Gustav Killian of 
Freiberg in Annales des Malodies de Oreille et de Larynx, 1908—34, P. 8. In this 
article Professor Killian gives a full description of the upper sphincter of the 
oesophagus, of its anatomy, physiology, pathology and relationship to pharyngeal 
diverticula anticipating me in every point and proving his thesis in a more com- 
plete manner than I have done. (Keith.) 


In Harrington’s” series there were 107 men and 33 women, or a little over 
3 males to 1 female—which is approximately the ratio in the 28 eases when 
sex was mentioned in the article by Zesas** in 1906. 

Negus®> wrote a very interesting and instructive article on pharyngeal 
diverticula. The anatomy and physiology involved in swallowing, from the 


evolutionary viewpoint, is most complete. In animals, without a pulmonary 
apparatus, swallowing is very simple. A tube surrounded by longitudinal 
and circular muscles executes peristaltic waves which propel food into the 
stomach. According to him there is no division into stages as in the lung- 
breathing species. 

At the beginning of the second stage of swallowing, the larynx rises with 
the pharynx. The thyrohyoid assists in the upward movement of the larynx 
toward the hyoid bone. The whole pharynx is pulled up over the bolus which 
cannot retreat because of the action of the tongue and fauces with the naso- 
pharyngeal sphincter. In man, the larynx is large in relation to the pharynx. 
After the initial raising of the pharynx and larynx, a peristaltic wave is 
executed by the pharyngeal constrictors and travels downward. It commences 
in the nasopharynx and ends at the mouth of the esophagus. The bolus is 
earried through the pharynx by force pump action rather than by the pull 
of reduced pressure as was suggested by Barclay (1930).* ? 76 

In most animals, fibers of the constrictor muscles are arranged in a cireu- 
lar manner. In man, the pharynx is elongated and the larynx descends into 
the neck so that the fibers of the constrictors run in an oblique direction. The 
tongue remains large and instead of lying flat in the mouth, as in the anthra- 
poid apes, it has a recurved shape so that part of it lies in the pharynx. The 
larynx is closely applied to the hyoid bone, moves with the tongue and lies 
low in the neck. 
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In lower animals, the cricoid cartilage lies opposite the base of the skull, 
but in man it is opposite the sixth cervical vertebra. The sense of smell is 
most important to the carnivore and herbivore.?> Mouth breathing is pre- 
vented so that all inspired air passes through the nose. The larynx approaches 
the nasopharynx and the interval anteriorly is closed by a large epiglottis, 
Negus (1925).2° Man must rely upon sight because his sense of smell is weak. 


In the dog tribe, the epiglottis with the short broad posterior palatine 
folds acts as a valve so that all air must be inspired through the nose with its 
extensive olfactory mucous membrane. Some of this air, however, is expired 
through the mouth when the animal pants, allowing evaporation from the 
tongue. 

There is a space between the epiglottis and soft palate. Changes in the 
arrangement of the constrictors of the pharynx depend upon the position of 
the larynx. The inferior constrictor muscle arises from the thyroid and eri- 
coid cartilage and in man they course obliquely to reach the median raphe. 
The median raphe is attached above to the occiput so downward displace- 
ment of the constrictors does not oceur. In 1925, Negus” gave the most logi- 
cal reason for the presence of the powerful cireopharyngeal sphincter: 


During respiration, the laryngeal aperture and glottis are open while the 
mouth of the oesophagus is closed. If this were not so, as the oesophageal opening 
when relaxed is wider than the glottis, more air would enter the gullet than the 
lungs. The sphincter when contracted exerts pull on its site of origin from the 
ericoid cartilage and thus holds back the larynx with considerable force during 
the resting phase. At the beginning of the second stage of swallowing, a sen- 
sory stimulus originating in the upper postpharyngeal wall is transmitted to the 
crico-pharyngeal sphincter and leads to inhibition and relaxation when a per- 
istaltic wave descends from the naso-pharynx to the hypopharynx. 


The pharyngeal force pump propels a bolus of food to the mouth of the 
esophagus when the sphincter is relaxed allowing the bolus to pass into the 
esophagus. 


When the sphincter relaxes, the larynx is released. It first tilts forward 
and then moves in an oblique direction upward and forward toward the hyoid 
bone and mandible. As the larynx rises, its aperture is closed by the contraction 
of the sphineteric girdle of muscles, the thyro-arytenoid, ary-epiglottiec and inter- 
arytenoid; the last passes under the recurved cartilages of Santorini, which are 
tilted forward. The anterior wall of the oesophagus is attached to the tips of 
these cartilages (the cartilages of Santorini) and as the crico-pharyngeal 
sphincter is relaxed during this action, wide opening of the mouth of the 
oesophagus in a funnel-like manner results. 

Therefore, the closure of the larynx and the opening of the oesophagus is 
carried out by a simultaneous muscular process. In man, the oesophagus is also 
partially attached to the back of the ecricoid cartilage. The opening of the 
oesophagus is more restricted than in most mammals in which the corniculate 
cartilages are large and well formed affording sole support of the anterior wall 
of the oesophagus and allowing wide range of movement. 

In dogs, the mechanism is very efficient as fibers of the thyro-arytenoid 
muscle pass backward and downward to blend with the longitudinal fibers of 
the oesophagus. Fig. 193, P.138 (Negus’ article25). Pull on the oesophagus is 
directed mainly to the anterior wall. 
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Man has the stylo-pharyngeal and palato-pharyngeal muscle which termi- 
nate before reaching the mouth of the oesophagus with lack of elevation of the 
posterior oesophageal wall. The oesophagus is fixed below the diaphragm exert- 
ing a downward pull and tends to increase the gap between the circular and 
oblique fibers of the inferior constrictor muscle during swallowing. [Fig. 2.] 

The herbivora have an efficient lateral food channel because of the mem- 
branous arcus palato-pharyngeus and can breathe simultaneously with degluti- 
tion. The arcus palato-pharyngeus is a fold of mucosa enclosing fibers of the 
muscles surrounding the aperture of the larynx and continuous in the posterior 


MIDDLE CONSTRICTOR 


THYROID CARTILAGE 


INFERIOR CONSTRICTOR 


Fig. 2.—Pharyngeal diverticula. Human pharynx open from behind to show the elevator 
and constrictor muscles. (From Negus, V. E.: Pharyngeal diverticula, Brit. J. Surg., October, 
1950, Fig. 179, page 129.) 


direction. The larynx is thus encircled and projects into the naso-pharynx while 
respiration is going on. In man, the palato-pharyngeal fibers enclosed in the 
posterior pillars of the fauces do not descend as far as the hypo-pharynx and 
do not form an encircling ledge or fold, nor do they reach the mouth of the 
oesophagus as in the herbivora to assist in opening the gullet during swallowing. 

Humans gained much from the assumption of an erect posture, from a 
large pharyngeal resonator for phonation and from separation of the soft 
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palate and epiglottis, but (man) has rendered himself liable to disabilities 
such as acquisition of pharyngeal diverticulum, With the obliquity of the in- 
ferior constrictor and the horizontal direction of the crico-pharyngeus there is 
an unsupported triangular area in the posterior wall. During swallowing, the 
gap becomes greater with the upward movement of the pharynx and larynx. 
The palato- and stylo-pharyngeus muscles terminate in the lower pharynx and 
no vertical fibers reach the oesophagus. The latter, being anchored to the dia- 
phragm, exerts a downward pull, which has greater effect on the posterior than 
on the anterior wall, since the latter is suspended from the larynx. 


Negus recapitulates the factors in the development of a pulsion pharyn- 
geal diverticulum as follows: (a) the low position of the larynx and with it 
the deseent of the mouth of the esophagus; (b) the obliquity of the inferior 
constrictor muscle in relation to the circular arrangement of the cricopharyn- 
geus; (c) the attachment of the anterior wall only of the esophagus to the 
larynx and its wide range of motion during swallowing; (d) the active con- 
traction of the cricopharyngeal sphincter and the difficulties of coordination 
of its relaxation with contraction of the pharyngeal force pump; (e) the lack 
of longitudinal suspension of the posterior wall of the mouth of the esophagus, 
and (f) the absence of support at the triangular area in the posterior wall. 

As everyone does not acquire a pouch, he excluded the anatomical fae- 
tors common to all, leaving (d) the physiologic factor that may vary, the co- 
ordination of relaxation of the sphincter. Although Keith, in 1910, stated 
that nothing was known of the nervous mechanism of swallowing, he described 
very accurately the anatomic and physiologic basis of swallowing. He also 
accurately located the origin of the pulsion pharyngeal diverticulum in the 
pharynx between the two parts of the inferior constrictor muscle, the upper 
force pump and the lower sphincterie portion or cricopharyngeus. 

Those of us who were fortunate enough to see the motion picture entitled 
“Normal Mechanism of Deglutition” produced by the Radiology Section of 
the University of Rochester and presented at the meeting of The American 
Association for Thoracic Surgery in Montreal, Quebec, in 1954, can marvel at 
the accurate observations of Killian’® who, with his associate, von Eichen, 
studied the swallowing mechanism radioscopically with bismuth, but found 
that deglutition was so rapid that observation was incomplete. They observed 
a series of cases with the mirror (hypopharyngosecopy) when the patients were 
endeavoring to vomit, and watched the opening and closing of the esophagus. 

It is Negus’ opinion that a pouch in its early stages is the result and not 
the cause of dysphagia. He lists the causes as: 


1. Chronie inflammation of the cricopharyngeal fold or hypopharyngitis 
which leads to lack of relaxation of the sphincter. Relief may be obtained by 
dilatation. A small number of patients may, in addition, have superficial 
glossitis and the few who also have microcytie anemia are classified under 
the Plummer-Vinson syndrome. 

2. Healed inflammatory lesions of the cricopharyngeal fold leading to 
contraction and stenosis of the mouth of the esophagus with dysphagia and 
sometimes the formation of a pouch. Negus thought that dilatation should 
relieve the symptoms. 
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3. Excessive contraction of the sphincter without evidence of pathologic 
change. Stretching with the hydrostatic bag may give relief and delay the 
formation of a pouch. 

4. Lack of relaxation at the right moment in the second stage of swallow- 
ing may be due to deficiency in the sensory stimulus which originates in the 
posterior pharyngeal wall from the impact of food. The reflex are comes 
through the pharyngeal plexus to the vagal fibers which relax the sphincter. 
The motor cells from which these fibers originate are situated in the nucleus 
ambiguus of the spinal accessory nerve. They leave the skull in that nerve 
and pass, after leaving the jugular foramen, to the ganglion nodosum of the 
vagus via the internal branch of the accessory (Negus).”° 

Rose*®® reported a large diverticulum in a 69-year-old man with a ten 
years’ history of dysphagia causing complete obstruction to the esophagus. 
This was presented as ‘‘one of the less common causes of dysphagia.’’ This 
was one of only 2 eases recorded at the Royal North Shore Hospital of Sydney 
in 25 years. At esophagoscopy, the esophageal lumen was represented by a 
tiny dimple high upon the anterior wall in the midline. A Wangensteen tube 
was placed into the opening under direct vision, and passed into the stomach. 
This was used for feeding. Under general anesthesia, the pouch was removed 
in one stage, transfixing the neck of the sae with chromicized catgut. The sac 
measured 7.5 by 7.5 by 5.0 em. Barium bolus after operation and at intervals 
of one year and two years, postoperatively, showed a small residual pouch, but 
there was no increase in the size after two years. He emphasized that a 
Wangensteen tube should always be inserted under direct vision. In a case 
reported by Harrington’? (1945), the sac, extending down into the mediasti- 
num, held 825 ¢.e. of fluid after its removal. MeGregor,”* and Lahey" have 
stressed that unskilled endoscopy may cause perforation of the pouch. 

Bisgard and Kerr® presented a very instructive article on the surgical 
management of instrumental perforation of the esophagus. These perforations 
occur most frequently during esophagoscopy. The esophagus may be torn in 
passing the esophagoseope above, at the ericopharyngeal pinch cock of Jack- 
son (cricopharyngeus) or at the cardia, the diaphragmatic pinch cock (right 
crus of the diaphragm). It may occur in the process of removing a foreign 
body or in obtaining a biopsy specimen. It is of interest that the flexible 
gastroscope is the second most common offender. Blind bougienage in the 
dilatation of strictures of the esophagus is the third most common cause. 
They present 1 case that was self-inflicted, resulting from passing a stomach 
tube. In 5 eases cited by them, 3 involved the cervical esophagus. All of 
these perforations occurred during esophagoscopy. In one of these, followed 
to autopsy, the diverticulum extended from the pharyngoesophageal ‘‘june- 
tion’’ to the lung root with a chicken bone at the neck of the diverticulum 
that had perforated the left wall of the esophagus. They emphasize that in 
instrumental perforations, the endoscopist is usually aware that perforation 
has occurred, and that no time should be lost in establishing drainage, whether 
the perforation occurs in the cervical area or in the thorax. They also advise 
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closure of the rent in the esophagus with sutures even if this results in only 
temporary closure of the opening. Antibiotic therapy is, of course, an im- 
portant adjustment. 

Overstreet and Ochsner”® reported 13 cases of traumatic rupture of the 
esophagus, 8 of which occurred at endoscopic examination. Five of these 
perforations were located by them ‘‘immediately below the cricopharyngeus 
sphincter on the posterior wall.’’ 


SYMPTOMS 


The symptoms are fairly distinctive: dysphagia is described as inter- 
mittent and progressive; regurgitation of undigested food is frequent and 
may occur during or soon after eating, to several hours or days later; back- 
ward motion of the head or pressure upon the neck may propel food back into 
the mouth after it has been swallowed and lodged in the diverticulum ; a swell- 
ing may be noted, usually on the left side, enlarging as the meal is eaten so 
that it may resemble a thyroid tumor. 

Moynihan** deseribed gas developing in the pouch and escaping into the 
pharynx producing a condition first described and considered by him pathog- 
nomonic. ‘‘As the patient talks, movements in the neck cause an expulsion 
of gas from the pouch, and the words spoken have ‘bubbles’ in the middle of 
them or among them; there is a curious but unmistakable spluttering of air 
in and among the spoken words. The phenomenon may be produced in a very 
striking manner if the patient is asked to read continuously while a gentle 
pressure is made upon the neck.’’ 

Inhalation of particles of food that are suddenly expelled from the pouch 
into the pharynx brings about coughing which may be so severe that dyspnea 
and cyanosis result. When this awakens a patient from sleep, it is naturally 
very terrifying. Inhalation pneumonia and lung abscess have been described 
which may be fatal. With increase in the size of the diverticulum, there may 
be displacement of the esophagus with so much pressure that there is inade- 
quate intake of food to maintain nutrition with consequent weight loss and 
inanition. Deaths have been reported from starvation. 


DIAGNOSIS 


Many writers have emphasized the dangers of perforation when employing 
blind bougienage and esophagoscopy. Following a good history and physical 
examination, adequate barium study of the pharynx and esophagus is all that 
is necessary to make the diagnosis. Lahey*’ cautioned that a semilateral view 
should be taken, as well as the anteroposterior projection, to rule out a dilata- 
tion of the esophagus above an esophageal web. We also take lateral 
films of the diverticulum and x-rays of the chest are routine. If the 
diverticulum is huge and there is danger of aspiration of the contents of the 
diverticulum if it is filled with barium, the use of Lipiodol rather than barium 
should be considered. The vocal cords are examined preoperatively with the 
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mirror and again postoperatively as in thyroid surgery. Moynihan** and 
Lahey*® both emphasized that a malignant lesion must be suspected when the 
barium-filled outline of the sac is irregular. 

We also like to inspect this region directly, because at times it is difficult 
and may be impossible to locate the esophageal orifice when it has been dis- 
placed anteriorly by the pharyngeal diverticulum. In order to get a catheter 
into the stomach when a large pouch deflects the esophageal opening ante- 
riorly, the Levine tube must be inserted under direct vision. The patient is 
fed through the Levine tube for at least one week postoperatively, if he toler- 
ates it. 
SURGICAL TREATMENT 


A most complete review of the surgical treatment of pulsion pharyngeal 
diverticula was given in Lahey’s last paper.’® Niehans'® has been given credit 
for the first excision in 1884. In reviewing this case*’ of a man, 57 years of 
age, with both goiter and diverticulum, it was found that on Aug. 8, 1884, the 
‘‘left-sided goiter’’ was removed and on Aug. 26, 1884, the diverticulum was 
excised with the thermocautery between two ligatures. After eight days, a 
fistula developed so that milk the patient drank came out of the wound. On 
the twentieth of September, approximately three weeks from the date of ex- 
cision of the diverticulum, sudden erosion of the superior thyroid artery oc- 
curred with death from hemorrhage. Wheeler** reported a case, in 1886, 
that he had operated upon successfully, on June 13, 1885, in which he removed 
both a large congenital lateral pharyngeal diverticulum or pharyngocele and 
a pharyngeal pulsion diverticulum, so he must be given credit for the first 
successful excision of two of three types of pharyngeal diverticula. 
Bergmann‘ operated upon his first patient successfully, in 1890, and re- 
ported it in 1892. Butlin’s® first case, also successful, was seen in 1890, and 
though operation was advised several months before Bergmann operated upon 
his patient, Butlin’s patient did not submit to operation until June, 1892. In 
1898, he reported his second operative case, reviewing the 6 cases he had seen 
at that time. One of these patients, a male aged 57, of Cleveland, Ohio, had 
previously been seen by Dr. Richardson of Boston, who advised removal of the 
pouch. He was seen in consultation by Butlin with Edward F. Cushing of 
Cleveland. He was included in Richardson’s®® review of his experience in 1900. 
Zesas,*" in 1906, collected a total of 42 cases in which a pulsion diverticu- 
lum was excised. Twenty-eight patients were men and 9 were women. The 
sex was not stated in fiive reports. Primarly healing resulted in 6; fistula 
developed in 28 but subsequently healed. There were 8 operative deaths. 
Lahey*® presented a total of 365 patients operated upon for pulsion pharyn- 
geal diverticulum with follow-up on 250 for at least two and one-half years. 
As everyone knows, he was the champion of the two-stage operation. He 
recorded two deaths in 365 patients and twelve recurrences in 250 cases, or 
4.8 per cent. 
Harrington,’® in 1945, presented a comparable number of 140 cases, in 
which a one-stage procedure was done in 115, and a two-stage operation in 25. 
In the 115 patients, on whom a one-stage operation was performed, there were 
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no deaths. Temporary pharyngeal fistula occurred in 5 cases and, in 3, hoarse- 
ness subsided in one week or ten days. In 1 patient, in whom there was hoarse- 
ness before operation, paralysis of a vocal cord resulted with continuing 
hoarseness. Postoperative dilatation was carried out in 5 patients because of 
angulation of the esophagus. Average hospitalization was less than two 
weeks, and the average time until dismissal after operation was three weeks. 
There was recurrence in only 2 cases. In 1, symptoms improved after dilata- 
tion, but it was thought that operation might later be necessary. A second 
operation was done in the other case. After ten days, a pharyngeal fistula 
formed which drained for three weeks, but the wound was completely healed 
in four weeks. There was no mediastinitis. He pointed out that there was little 
danger of mediasinitis after the one-stage operation because fistulas never de- 
veloped earlier than seventy-two hours after operation, when the mediastinal 
fascial planes should be walled off. In 15 of the 115 patients, the diverticula 
filled the entire mediastinum, but there was no indication of mediastinitis post- 
operatively in a single case. 

Many surgeons prefer local anesthesia (Harrington, 1945'°) but we feel 
that the advantages claimed for it are far outweighed by the relaxation and 
safety afforded by intratracheal ether anesthesia. 

The pouch should be approached from the side it presents. In Harring- 
ton’s 140 patients, the approach was left cervical in 116, and right cervical 
in 24. 

Mortensen, Clagett, Schmidt, and Gray”* reported their experience with 
339 cases treated during the 10-year period, Jan. 1, 1944, through Dee. 31, 
1953, by the one-stage method with a hospital mortality rate of only 0.9 per 
cent. 

By the time the sac is large enough to distend and then spill over into the 
esophagus (the fourth stage of Lahey), posteroanterior and lateral films usu- 
ally show readily on which side the pouch lies. Occasionally, however, even 
in fairly large sacs, it is necessary to pass a catheter into the pouch to show 
its relation to the barium-filled gullet. (Fig. 3.) 

The approach is through a longitudinal incision along the anterior border 
of the sternocleidomastoid muscle beginning above the level of the ecricoid 
cartilage to the medial end of the clavicle. The omohyoid and sternothyroid 
muscles are retracted medially and the carotid sheath and sternocleidomastoid 
are retracted laterally. The thyroid gland is retracted medially exposing the 
fascia investing the trachea and esophagus. The neck of the diverticulum 
is found at the level of the cricoid cartilage. Esophagoscope and bougies are 
not necessary to locate a pharyngeal diverticulum and, of course, in the hands 
of others than the expert, are dangerous. The neck of the sae is separated 
from the surrounding tissue, transfixed with chromic catgut, and excised. 
The stump is invaginated into the wall of the pharynx. A Penrose drain is 
placed into the former bed of the diverticulum, and the incision closed with 
interrupted catgut sutures, with Dermalon or cotton in the skin. Many sur- 
geons prefer nonabsorbable sutures in closure of the incision, but we feel that, 
in a potentially infected field, catgut is the suture material of choice. The 
drain should be removed in three or four days. 
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Sweet*? advises interrupted sutures of fine silk in the mucosa, tied on the 
lumen side. He makes the point, which is good, that the drain should not im- 
pinge against the pharynx at the site of the base of the excised diverticulum. 

The Levine tube, preferably placed in the stomach through the nose prior 
to surgery or under direct vision just before the anesthetic is begun, should 
be used to feed the patient for the first seven days postoperatively. With 
this regimen, as in one of our patients, actual weight gain may result. Gastros- 
tomy is unnecessary. 


Fig. 3.—Shows catheter passed into the diverticulum from above, proving that the diverticulum 
sags to the left. 


Johansson and Michas™ reporting their results in 10 cases of ‘‘pharyngo- 
esophageal diverticula,’’ had no surgical fatality but there was one persistent 
recurrent laryngeal nerve paralysis and a fistula occurring on the fourteenth 
day in another. There was evidence of recurrences of the diverticula by x-ray 
in 4 cases. However, these were merely bulges in the esophageal wall. There 
were no symptoms of recurrences in these patients. They stated that the 
smallest spur remaining in the repair acts as a nidus for recurrence. They 
were of the opinion that, by giving water by mouth in the early postoperative 
period, the suture line would be cleansed and be more favorable than tube 
feeding. 
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REPORT OF A TYPICAL CASE 


A 45-year-old man of Mexican extraction was admitted to the hospital on 
March 15, 1954, complaining of choking sensation in the throat toward the end 
of a meal, with regurgitation of small amounts of undigested food immediately 
after eating up to several hours later. The onset of symptoms was two years 
previously and in the six months before admission they had become worse. The 
patient’s wife noted that far into the night the patient would regurgitate un- 
digested particles of food eaten that day. By pressing on either side of the mid- 
line above the sternal notch he could elicit a gurgling sound. There had been 
no nausea but he had lost 9 pounds in two months. 


Fig. 4.—After filling of diverticulum, the barium spills into the esophagus. 


Past history was negative except for a cholecystectomy performed ten 
years previously. 

He had been married twenty-five years and was the father of four children. 

General physical examination was entirely negative. ,On fluoroscopy, the 
esophagus would not fill until the diverticulum was distended and spilled over 
into the esophagus (Lahey’s fourth stage). Because the position of the diver- 
ticulum in relation to the esophagus could not definitely be determined, a 
catheter was placed into the diverticulum from above which proved that it 
sagged to the left side and extended into the mediastinum to the level of the 
fourth thoracic vertebra (Fig. 3). Fig. 4 shows that after filling of the diver- 
ticulum, the barium spilled into the esophagus which was displaced anteriorly 
and to the right. The vocal cords moved normally. At esophagoscopy under 
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local anesthesia on March 12, 1954, the esophagoscope passed directly into the 
pharyngeal diverticulum. It was impossible to see the orifice of the esophagus 
beyond. At operation on March 17, 1954, it was impossible to pass a Levine 
tube beyond the diverticulum under direct vision. The diverticulum was ex- 
cised through a longitudinal incision along the anterior border of the left sterno- 
mastoid muscle. Intratracheal ether was employed. The carotid artery and 
jugular veins were gently retracted laterally. A small thyroid vein was divided 
between ligatures and the sae gently retrieved from the mediastinum. Invest- 
ing fibers of the inferior constrictor muscle about the neck of the sac were 
sparse. The neck of the sae was cleared of this, transfixed with chromic catgut, 
and excised at the pharyngeal wall. The stump was inverted into the wall of 
the pharynx. A Penrose sheath drain was placed into the mediastinum in the 
region of the former bed of the diverticulum. The incision was closed in layers 
with interrupted sutures of catgut and Dermalon in the skin. The drain was 
completely removed on the fourth day. ‘he incision healed per primum. On 
the first postoperative day, a small polyethylene catheter, 3 mm. in diameter, 
was placed through the corner of the patiert’s mouth into the stomach. With 
this small caliber tube there was no discomfort. It was retained for seven 
days through which a nutritious diet was instilled into the stomach by continu- 
ous drip. During this week the patient gained several pounds in weight. 

The specimen received in Formalin in the pathology department measured 
3 by 5 by 2 em. Histologic diagnosis was ulcerative subacute inflammation in a 
pharyngeal diverticulum. The patient was discharged from the hospital on 
the eleventh postoperative day. Postoperative films on June 30, 1954, showed 
no evidence of recurrence and the patient was enjoying his food. 


Thirteen other patients with pharyngeal diverticulum have been followed, 


7 of whom have been operated upon. The ages varied from 41 to 64. All of 
these patients were men. The approach was through the left side of the neck 
in all but 2. A two-stage operation was done in only 1 case. No recurrences 
have been reported; however, a complication of persistent left recurrent laryn- 
geal nerve paralysis has occurred once. 


SUMMARY 


Pulsion diverticula or deep pharyngeal pressure diverticula arise from 
the posterior aspect of the pharynx at the junction of the upper oblique and 
lower transverse sphincteric fibers of the inferior constrictor muscle. These 
are acquired diverticula and are characterized by having little or no muscle 
in the wall. The neck is narrow and the muscular fibers covering the pouch 
are insufficient to empty it. These diverticula may distend, obstruct, or per- 
forate. Killian, in 1908, established this pouch as a protrusion of the mucous 
membrane of the pharynx, 1 em. above the origin of the esophagus, between 
the oblique and transverse fibers of the inferior constrictor muscle in the pos- 
terior midline. With enlargement of the diverticulum, it falls to one side of 
the midline, usually to the left. It lies between the prevertebral and pre- 
tracheal layers of the cervical fascia and may eventually enlarge so that it 
occupies the posterior mediastinum. As the sae enlarges and sags down, the 
pharynx comes into alignment with it and the esophagus appears as a longi- 
tudinal narrow aperture on the anterior border of the neck of the sac. As 
food and instruments pass more readily into the diverticulum than into the 
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esophagus, the danger of esophagoscopy and blind bougienage is readily ap- 
parent. In 1 of our patients, it was impossible to see the opening of the esoph- 
agus under direct vision with the laryngoscope so that a Levine tube could 
not be passed beyond the diverticulum into the esophagus, preoperatively. 

The important factor in the development of a pulsion pharyngeal diver- 
ticulum, as emphasized by Negus, is the active contraction of the cricopharyn- 
geal sphincter and incoordination of its relaxation with the active contraction 
of the upper pharyngeal force pump. Symptoms are reviewed. The diagno- 
sis depends essentially upon a good history and physical examination and ade- 
quate barium or Lipiodol study. Preoperative and postoperative vocal cord 
examination is routine. The history of the surgical treatment is reviewed and 
the advantages of the one-stage operation emphasized. 

Eight operative cases are presented of which the experience in one case 
is reviewed in detail. 


CONCLUSIONS 


Pulsion diverticula or deep pharyngal pressure diverticula are entirely 
pharyngeal in origin, arising from the posterior wall at the junction of the 
upper oblique and lower transverse sphincterie fibers of the inferior constric- 
tor muscle. The physiologic factor of importance is the incoordination of 
relaxation of the lower transverse sphincterie fibers of the inferior constrictor 
muscle or cricopharyngeus in relation to the active contraction of the force 
pump upper oblique fibers of the inferior constrictor muscle. 
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THE ANGIOCARDIOGRAPHIC DEMONSTRATION OF SUPERIOR VENA 
CAVAL CONSTRICTION IN CONSTRICTIVE PERICARDITIS 


Haroup A. Lyons, M.D.,* Jesse Minnis, M.D.,** anp Epwin Grirrin, M.D.*** 
New York, N. Y. 


HE effective treatment of constrictive pericarditis is designed to liberate 

all critical areas so that the decortication must extend beyond the left 
border, right border, and lower border, with release of both the inferior and 
the superior vena cava and the base of the heart.!| Although there has been 
definite involvement of the venae eavae, this constriction has never been 
definitely demonstrated by any of the diagnostic methods. Except for edema 
of the face and head noted clinically in a patient in whom constrictive peri- 
carditis and superior vena caval involvement was found at operation,” no other 
report has indicated that this involvement has been demonstrated before 
operation.* * It is for this reason that this report on the angiocardiographiec 
demonstration of constriction about the superior vena eava in a patient 
suffering from constrictive pericarditis is presented. The caval constriction 
was proved by operation. It is equally important to be able to demonstrate 
this involvement, for Holman and Willett? state that constriction of the vena 
cava may continue to be a source of trouble when the right heart only is 
decorticated and actual liberation of the venae cavae is disregarded. 


CASE REPORT 


F. V., a 43-year-old white married woman, was first admitted to Kings County Hospital 
on June 3, 1955, with the chief complaint of shortness of breath. She had a three-year 
history of swelling of the legs and dyspnea on exertion. During this time she was under 
treatment by her family physician, being given daily digitalis, weekly diuretics, and a low 
salt diet. She stated that she had had a “leaking heart” for many years, but a history of 
tuberculosis or significant acute infections was lacking. No history of rheumatic fever was 
obtained. On physical examination, she was found to have a blood pressure of 114/80 mm. 
Hg, auricular fibrillation, distended cervical veins, and distant heart sounds without mur- 
murs or thrills. A diastolic shock was felt over the apex. Massive ascites and moderate 
pretibial edema were noted. A venous pressure determination was 270 to 310 mm. water 
in all extremities; the systemic circulation time was 18 seconds (Decholin). On abdominal 
paracentesis, 16 L. of straw-colored fluid were obtained which did not contain bacteria, 
tubercle bacilli, or malignant cells. After this procedure, no abnormal abdominal or pelvic 
findings were found. Fluoroscopie and roentgenographic examination of the chest showed 
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moderate enlargement of the heart. The right ventricle and left atrium were believed to 
be enlarged (Fig. 1). The electrocardiogram showed auricular fibrillation, low voltage in 
all leads, a normal axis, and an occasional premature ventricular systolic beat. A phono- 
cardiogram showed no murmurs; however, a gallop was recorded 0.10 second after the 
second sound just below the xiphoid area, the characteristic protodiastolic sound of con- 
strictive pericarditis. The jugular pulse had a rapid and deep V-wave. Roentgenkymo- 
grams demonstrated a rapid filling of the ventricle with a diastolic plateau (Fig. 2). 


Fig. 1—The posteroanterior roentgenogram showing the abnormal cardiac silhouette. 


Pressure curves characteristic of constrictive pericarditis with right ventricular “diastolic 
dip” and plateau with end diastolic pressure above the normal range were noted on cardiac 
catheterization. Following exercise, the right ventricular systolic pressure did not 
rise significantly but there was a definite increase in the end diastolic pressure of the right 
ventricle. 


TABLE I. THE PRESSURES RECORDED AT THE TIME OF CARDIAC CATHETERIZATION 


| VOL. PER CENT 0, CONTENT | MM. Hg PRESSURE 
P.A. 9.9 mean 19: 31/14 
R.V. a 31/11 
R.A. mean 11 
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A constricted area around the superior vena cava at its junction with the right 
atrium was demonstrated in the angiocardiogram (Figs. 34 and 3B) and both right and left 
auricles were enlarged. A normal sequence of filling of all chambers was present (Fig. 4). 
Small areas of calcification were observed in the vicinity of the right atrium. 


Fig. 2.—The roentgenkymogram showing the typical findings of constrictive pericarditis of 
rapid ventricular filling (diastolic dip) and diastolic plateau. 


On Aug. 4, 1955, the patient was operated on for decortication of the pericardium. 
The procedure was performed from “phrenic to phrenic” as described by Delorme5 and 
later popularized by Churchill.6 The pericardium contained areas of calcifications: one 
fairly large area of calcification was located, significantly, just anterolateral to the right 
auricular appendage. Dissection and resection of the pericardial “peel” was carried about 
this calcific plaque leaving it in situ. Just cephalad to this area, at the junction of the 
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Fig. 3A.—The first-second angiocardiographic film showing the band of constriction around the 
superior vena cava at its junction with the right artium as these are opacified. 
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: Fig. 3B.—A drawing demonstrating the area of superior vena caval constriction. 
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superior vena cava with the right atrium, there was a definite firm constricting fibrous 
band of pericardium which was dissected in order to relieve the obstruction of the 
superior vena cava. It was this band which was described preoperatively in the angio- 
cardiographic study. The patient has continued to show slow but progressive improvement 
since her discharge on Sept. 6, 1955. 


Fig. 4.—The five-second angiocardiogram showing the enlarged right atrium, the right 
ventricle, and pulmonary circulation opacified. One can see the flecks of calcium present and 
also note the opacification of a dilated inferior vena cava. 


DISCUSSION 


This report constitutes the first preoperative recognition of a constriction 
of the superior vena cava associated with constrictive pericarditis and demon- 
strated by angiocardiography. Steinberg* has not had this experience. This 
finding was proved by operation. It is most important to note this finding 
in patients with constrictive pericarditis, for the reasons Holman’? has 
mentioned, to obtain a successful result for the operation. Although the 
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catheterization pressure studies did not indicate an obstruction at the atrial 
inlet, the operative findings did corroborate the angiocardiographie evidence. 
This was considered to be of significance. It is this experience which points 
to the need for the use of angiocardiography as an additional preoperative 
diagnostic method. Since the maximal result of pericardiectomy may not be 
realized should such defects remain uncorrected by surgery, it is best to try 
and demonstrate them before operation. 
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CONGENITAL ABSENCE OF THE AORTIC ISTHMUS 
Report oF A CasE WitH SuccessFUL SurGIcAL REPAIR 


Duane L. Merritt, M.D.,* CHArtes A. Wesster, M.D.,** anp 
Pau. C. Samson, M.D.*** 
OAKLAND, CALIF. 


NE of the rarest anomalies of the aortic arch is complete absence of the 
isthmus, that portion of the arch between the origins of the left sub- 
elavian artery and of.the ductus arteriosus. Functionally, this abnormality is 
the most extreme form of juvenile or preductal coarctation. The ductus arterio- 
sus persists, continues on as the descending aorta, and is referred to by Evans'® 
as the ‘‘pulmonary-ductus-deseending aorta trunk.’’ 

In a study of 200 eases of adult coarctation, Maude Abbott? found a per- 
sistent patent ductus arteriosus entering the aorta at, or proximal to, the coarcta- 
tion in 10 per cent. Baffest recently reviewed 105 operative and autopsied 
eases of coarctation of the aorta of all types and found atresia of the descend- 
ing arch in 2 cases (1.9 per cent). In none was the isthmus completely absent. 
In a review of 19,217 routine autopsies, Evans found an incidence of all varieties 
of coaretation in 28 eases (0.13 per cent). Complete interruption of the aortic 
arch with no demonstrable connection between the arch and the pulmonary- 
ductus-descending aorta trunk was found in three instances. In one of these 
(Case 22) a patent foremen ovale was present and the great vessel abnormali- 
ties were anatomically identical with the case to be described. Anomalous ori- 
gins of the subclavian arteries from the descending aorta were found in the 
other 2 cases; one had a patent interventricular septal defect. In 1948, Sewart'® 
reported one case of congenital interruption of the aortic arch and made refer- 
ence to 6 previously reported eases, 5 collected by Abbott,’ and the one found 
by Evans. Sewart’s ease had a high interventricular septal defect; in none of 
the others was such a defect reported. 

This report concerns a 314-year-old white girl in whom this anomaly was 
found at operation and definitive repair of the lesion accomplished. To our 
knowledge, this is the first instance in which the lesion has been encountered 
in a living child and successfully corrected surgically. 


CASE REPORT 


P. R. (S.M. H. #5962U) was admitted to the Samuel Merritt Hospital by Dr. Karl 
Kennedy for study and observation on June 12, 1955. Her age was 3% years and her 
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weight, 28 pounds; obviously a delay in growth. A heart murmur had been present since 
birth. The mother’s pregnancy had been normal full term. The birth weight was 7 pounds. 
The child was normally active, but had always been a feeding problem. There were occa- 
sional respiratory infections complicated by mild asthma. Cyanosis had never been noticed, 
nor had there been evidence of cardiac failure. 

Physical examination revealed a thin, underdeveloped girl with moderate pectus carinatum. 
The blood pressure in the right arm was 160/80 mm. Hg and in the right leg 125/80 mm. 
Hg. The heart was enlarged with the apex in the sixth left intercostal space in the anterior 
axillary line. The apical pulsation was readily palpable but without precordial heave or 
thrill. There was a loud, harsh, low-pitched systolic murmur with maximum intensity in the 
fourth and fifth intercostal spaces 2 em. to the left of the sternum; this murmur was widely 
transmitted over the precordium. There was a rumbling diastolic murmur at the apex. <A 
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Fig. 1.—The preoperative electrocardiogram made on Apfil 18, 1955. 


continuous murmur was heard in the left infraclavicular region with a soft diastolic com- 
ponent, but this could not be differentiated from the murmur heard lower in the chest. The 
pulmonic second sound was accentuated and split. The lung fields were clear. There was no 
clubbing of the digits; the color of the fingers and toes was compared and no visible difference 
noted. The examination was otherwise normal throughout. 

Laboratory studies showed the hemoglobin to be 13.6 Gm.; red blood count, 4.59 million ; 
white blood count, 5,700 with a normal differential. An electrocardiogram showed partial 
right bundle branch block and inversion of T-waves over the entire precordium. This was 
interpreted as presumptive evidence of right and left ventricular hypertrophy (Fig. 1). Pre- 
operative roentgenograms of the chest are shown in Fig. 2. 

Cardiac catheterization was performed on June 13, 1955, by one of us (C. A. W.) under 
Demerol and Pentothal anesthesia. During catheterization visible cyanosis of the toes was 
noted, while the fingers remained normally pink. The results of catheterization are shown 
in Table I. 

These data were interpreted as showing, distal to the origin of the left subclavian 
artery, a right-to-left shunt such as is seen in a ‘‘reverse-flow’’ type of patent ductus. An 
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TABLE I. DATA FROM PREOPERATIVE CATHETERIZATION 


CHAMBER | OXYGEN (VOL.%) | PRESSURE (MM. H@) 

Superior vena cava 12.2 
Inferior vena cava 8.8 
Mid-right auricle 11.6 3 (mean) 
Tricuspid right ventricle 11.5 
Mid-right ventricle 12.1 83/18 
Pulmonie right ventricle 12.1 
Main pulmonary artery 12.1 89/75 
Left pulmonary artery 12.1 95/74 
Right femoral artery 13.8 95/53 
Right brachial artery 153 120/66 

Repeat 
Left pulmonary artery 11.6 
Main pulmonary artery 11.8 
Pulmonie right ventricle 10.7 

Arterial Oxygen Saturation 
Femoral artery 84.0% 
Brachial artery 93.0% 


incomplete preductal coarctation seemed the most likely explanation for the pressure differen- 
tial between brachial and femoral arteries; it was thought that this might also explain the 
relatively mild femoral arterial oxygen unsaturation in spite of the ductus-to-aorta shunt. 
A ventricular septal defect was suspected because of the heart murmur and the slight in- 
crease in oxygen content of the right ventricle over the right auricle. 

The possibility of complete preductal coarctation with persistent ductus was discussed, 
but in the absence of clinically demonstrable collateral flow we could not adequately explain 
the relatively good saturation of the femoral artery blood. 

On June 27, 1955, exploratory thoracotomy was performed through a left posterolateral 
approach (P.C.S8.). The anesthesia was Pentothal and nitrous oxide with oxygen. With the 
initial incision it became apparent at once that large anastomotic channels were present even 
in the subcutaneous tissues. The evidence of an extensive collateral circulation continued as 
the muscles were divided and the fifth rib removed. Upon entering the pleural cavity, the 
posterior portion of the left hilum was examined and we were then first aware of fiercely 
pulsating vessels extending up into the neck and in the internal mammary region. There 
was a large, but relatively quiet, descending aorta. Palpation of the pulmonary artery 
showed it considerably more tense than normal and greatly enlarged. The aortic arch, left 
common carotid, and left subclavian vessels were dissected free and the enlarged collateral 
intercostals were likewise isolated and preserved. The arch seemed to end in the subclavian 
artery. These vessels as well as an innominate branch seemed to have normal distributions 
peripherally as tested by pulse obliteration techniques. The vagus and recurrent laryngeal 
nerves were identified and gently retracted medially. 

The pericardium was entered just posterior to the phrenic nerve and the enormous 
pulmonary artery isolated. There was a diastolic thrill felt in the pulmonary artery and 
a systolic thrill felt posteriorly on the heart, most marked at the junction of the left auricle 
and ventricle. This was short and fairly sharp.* No thrills were palpated either at the 
base of the heart or at the apex. The pericardial incision was carried out along the left 
pulmonary artery which seemed to empty into the descending aorta; however, no coarctate 
area could be found. 

When the entire anatomy was worked out it was seen that the main pulmonary artery 
first divided normally; then the left main pulmonary artery gave off a large branch to the 


*Subsequent observations, in a patient with the adult or postductal type of coarctation 
in which the collateral circulation was extensively developed, demonstrated a similar thrill 
at the atrioventricular junction which could be obliterated by gentle compression of the 
left circumflex coronary artery. This thrill was attributed to increased flow and tortuosity 
of the coronary artery which seemed to participate in the generalized collateral development. 
The possibility remains in the present case, however, that the thrill at this point may be due 
to a high interventricular septal defect as suggested by the catheterization studies, 
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left lung and continued as an even larger descending aorta, this area corresponding to the 
usual location of a patent ductus arteriosus. The isthmus of the aorta between the left sub- 
clavian artery and the insertion of the ductus was absent. The recurrent laryngeal branch 
of the vagus nerve was identified as it hooked around the area of the ‘‘ductus’’; it was then 
followed proximally where it appeared to lie posterior to the enlarged and tortuous sub- 
clavian artery. No thrill could be palpated proximally between the aorta and the pulmonary 
artery; therefore, we concluded there was no aorticopulmonary artery septal defect (Fig. 3). 
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Fig. 3.—High left posterolateral incision. Drawing at operation. Inset shows method 
of repair. sa, Left subclavian artery; vn, left vagus nerve; aa, aortic arch; Ipa, left main 
pulmonary artery; rn, left recurrent nerve; da, descending aorta; pd, region of patent ductus 
at its juncture with pulmonary artery; pa, branch of left main pulmonary artery to left lung. 


Pressures recorded in the main and left pulmonary arteries were 70/37 mm. Hg, indi- 
cating that there was no stenosis between these vessels. The pressure in tie descending aorta 
was 78/45 mm. Hg. When the vessel, corresponding to the ‘‘ductus,’’ was clamped the 
pressure in the descending aorta rose to 125/104 mm. Hg and that in the pulmonary artery 
decreased to 63/22 mm. Hg; the aorta became obviously more distended, while the pulmonary 
artery became less so. This clearly demonstrated that there was a significant blood flow, 
under relatively higher pressure, through collateral vessels from the ascending aorta and 
branches, to the descending aorta. Physiologically, the pressure changes were similar to 
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those found in patients with patent ductus arteriosus with pulmonary hypertension, inter- 
mittent reversal of flow, and predominant left-to-right shunt. They indicated that the 
‘*ductus’’ could and should be divided to reduce pulmonary tension and yet assure adequate 
flow to the caudal portion of the body. 

Attention was then given as to how we could best attack the lack of isthmus and it 
seemed quite logical that an anastomosis should be made between the arch of the aorta and 
the descending aorta, which once divided from the pulmonary artery, could be brought up 
and anastomosed to the base of the left subclavian artery; therefore, the aortic homograft 
which we had prepared did not seem necessary. 


Fig. 4.—Posteroanterior roentgenogram of chest made fifteen days postoperative. There 
is extensive bilateral pulmonary congestion. The cardiac shadow is grossly enlarged as 
compared with preoperative studies and is globular in shape. These changes may well be 
due to increased pericardial fluid with impending tamponade. 


By using clamps across the ‘‘ductus’’ at the pulmonary artery and below on the 
descending aorta, the ductus was severed and the pulmonary artery was then closed with a 
continuous mattress and return over-and-over suture of No. 5-0 Deknatel silk. The edge 
of the cut aorta was beveled slightly in the other direction to give a total inside diameter 
of 12mm. A medium-sized auricular appendage clamp was placed across the junction of the 
subelavian and the left common carotid vessels and the subclavian artery was then com- 
pletely occluded by a bull dog clamp. Care was taken not to obliterate the left temporal 
pulse with the proximal clamp. A 12 mm. longitudinal incision was made at the base of the 
subelavian artery which extended up the lateral arterial wall for a short distance. The 
end-to-side anastomosis was completed using continuous over-and-over No. 5-0 Deknatel silk, 
interrupted twice (Fig. 3, inset). Following slow removal of all the clamps there was a 
good pulsatile expansion of the descending aorta which had not been present before. During 
these maneuvers there was a moderate fall in systolic blood pressure to 80 mm. Hg. The 
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patient was rapidly given 200 ¢.c. of whole blood and placed in Trendelenburg position; there 
was an immediate return of the blood pressure to a systolic mean of 120. By this time the 
pulmonary artery pressure had fallen to 52/37 mm. Hg. The pericardium was closed loosely 
over the suture line in the pulmonary artery. The aortic anastomosis was covered with 
Gelfoam and reinforced with pleura. A small lung biopsy was taken. The chest was closed 
in layers with silk. One right-angle intercostal catheter was placed under water seal; the 
patient returned to the Recovery Room in good condition. In the immediate postoperative 
period she required direct laryngoscopy and tracheal aspiration on one occasion. 

For the first two weeks the clinical course was disappointing. There were persistent 
low-grade fever (101°, rectally), leukocytosis, anorexia, slight weight loss, a fall in hemo- 
globin, and progressive irritability and lethargy. She remained fully digitalized and there 
was no evidence of cardiac failure. Early adventitious pericardial sounds developed into a 
full-blown pericardial friction rub on and after the sixth postoperative day. Chest x-rays 
fifteen days postoperatively (Fig. 4) showed an increase in the heart shadow suggesting peri- 
cardial fluid. The rapid development of neck vein distention with pulsation and hepatomegaly 
suggested tamponade. A pericardial tap yielded 40 e.c. of bloody fluid. 

On the seventeenth postoperative day, anterior pericardotomy and transpleural drain- 
age of the pericardial sae were done by resecting the left fifth cartilage and a portion of 
the rib. Approximately 150 ¢.c. of old bloody fluid and a considerable amount of fibrin were 
removed from the pericardium. 

There was an early fibrinoplastic peel over the epicardium, but it did not seem advisable 
to decorticate the heart. There was, likewise, an early angioblastic and fibroblastic peel of 
1 or 2 mm. thickness on the pericardial side which was removed in part. The pericardium 
was closed anteriorly but widely and dependently drained by a cruciate incision posterior 
to the left phrenic nerve. This should have been performed at the original operation instead 
of merely relying on the loose anterior closure of the pericardium for adequate drainage. 
Smears and cultures of the removed peel and fluid were negative for pyogenic organisms. 
The pericardial friction rub rapidly disappeared and on fluoroscopy the heart appeared 
much smaller. Thereafter her hospital course was that of gradual improvement, and she 
was discharged July 25, 1955. 

During the intervening seven months the patient has gained 21% pounds in weight 
and % inch in height. The blood pressure in the legs is 130/84 mm. Hg. She is considerably 
more active and alert; she tires much less readily. Digoxin was discontinued after six 
months, and cardiac compensation has been well maintained. The patient has had a single 
respiratory infection with bronchitis. There has been little change in the heart size since 
operation, but there is a decrease in the region of the pulmonary artery, and the hilar vas- 
cular markings have lessened. There is a persistent harsh murmur to the left of the sternum 
in the fourth interspace, suggesting the presence of a ventricular septal defect. 


DISCUSSION 


Complete interruption of the arch of the aorta is an extremely rare disorder. 
The persisting circulatory pattern is fetal in type. The absent segment of arch 
may lie between the left common carotid or subelavian arteries, and the descend- 
ing aorta at the juncture of the ductus arteriosus. This segment develops embry- 
ologically from the fourth aortic arch and the third to seventh dorsal aortie 
segments.* * '! The process of involution or maldevelopment can only be sur- 
mised, but it poses interesting considerations. The subclavian vessel normally 
develops as a branch of the seventh dorsal intersegmental artery caudad to the 
sixth aortie arch (which becomes the ductus). During early embryonic growth 
as the heart descends, the left subelavian shifts cephalad to the ductus or sixth 
arch, and comes to lie in its normal relation to the left common carotid artery. 
In the case just reported, the portion of arch between the left subclavian artery 
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and the ductus was absent which would indicate an involution at a later em- 
bryonic stage after the subclavian had shifted cephalad. In 2 cases reported by 
Evans, however, the left subelavian arose from the descending aorta, and the 
absent segment extended from the internal carotid to the ductus-aortie juncture. 
This would suggest involution at an earlier stage of embryonic development. 

Complete interruption of the arch is ordinarily incompatible with a dura- 
tion of life longer than early infaney because of absent or poor collateral at 
birth; in fact, Bailey’? has stated that collateral vessels are not present in ab- 
sence of the isthmus. In this and in other respects, the lesion, functionally, is 
the most extreme form of juvenile or preductal coarctation. Occasionally, how- 
ever, one sees an adult with the infantile type, or an infant with the adult-type 
of coaretation; this has prompted Bahnson® to suggest that, surgically speaking, 
coarctation be designated as complicated or uncomplicated. 

In the patient under discussion and in others in whom there is an interrup- 
tion in oxygenated blood supply to the descending aorta, it is the development 
of adequate collateral flow which sustains life. Bahn and his colleagues’ have 
discussed coarctation of the aorta as a cause of death in early infancy. They 
presented three autopsy cases in which the ductal flow was into the descending 
aorta. The collateral channels in each case were poorly developed, and they 
concluded that death resulted from left ventricular failure secondary to hyper- 
tension. Edwards’ believes that one reason for the extreme rarity of absent 
isthmus is that death usually may be attributed to normal rapid closure of the 
ductus in the immediate postnatal period with resultant inadequate flow to the 
descending aorta. Ballantyne® explained the difference in the course and prog- 
nosis of patients with the adult and the infantile types of coarctation by stating 
that in the adult type in which there is an obstruction to the aortic flow at or 
below the ductus, it is necessary for collateral channels to be established early 
in embryonal life if the fetus is to survive in utero. In the preductal type (and 
in absence or atresia of the isthmus), adequate circulation in the distal aorta 
is maintained via the ductus and no stimulus to the establishment of collateral 
circulation exists until after birth. Usually a collateral circulation does not 
develop rapidly enough to sustain life.’ 1” 

In the ease described by Sewart the child lived for nearly forty-six hours. 
During this time it was noted that there was no cyanosis in the lower extremities. 
In view of the autopsy findings, it was suggested that sufficient oxygenated 
blood was being shunted into the pulmonary circulation through the interven- 
tricular septal defect, which was found to mask any clinical desaturation in the 
lower half of the body. In the 5 eases presented by Abbott,! and in the one 
described by Evans, no interventricular septal defect was reported. All but 
one of these patients died in infancy, the exception living to the age of 514 years. 
In Abbott’s eases, the ascending aorta was thin and hypoplastic. The descend- 
ing aorta was in each instance a continuation of a widely patent ductus arterio- 
sus; all patients had generalized cyanosis. Abbott explained this by assuming 
a reverse flow through the collateral bed from lower to upper aorta. 

An intracardiac shunt may well explain the survival of our patient past 
infancy. With a large patent ductus, fetal circulation was adequate for full 


i 


Volume 33 CONGENITAL ABSENCE OF AORTIC ISTHMUS 319 


umber 


prenatal development without collateral channels. Following birth, the blood 
supply to the distal aorta continued through the ductus and the interventricular 
shunt became a source of oxygenated blood to the trunk and legs. 

Three factors may have contributed to the development of the extensive 
arterial collateral bed demonstrated at operation: (A) oxygenated blood flowing 
left to right through the septal defect and via the ductus to the descending aorta 
may have allowed sufficient time to elapse for the development of collaterals; 
(B) continued arterial unsaturation (chronic tissue anoxia) may well have 
acted as a stimulus to collateral formation within a year or two; and (C) follow- 
ing birth, persistent hypertension in the arch and branches of the proximal 
aorta may have stimulated existing but undeveloped collateral channels to dilate 
and open.’ The finding in adult coarctation that the coronary arterial system 
shares in generalized tortuosity and dilatation with other branches of the proxi- 
mal aorta is offered in support of this theory. 

Repair of the lesion in the manner described seemed most satisfactory. Be- 
cause the exact lesion was unsuspected prior to thoracotomy the technical details 
were decided at operation without recourse to suggestions appearing since, in 
the literature. Bailey did describe the utilization of the divided ductus to 
anastomose to the proximal aorta in cases of preductal coarctation and suggested 
the repair of absence of the isthmus in a similar fashion. Gerbode and asso- 
ciates't have reported the case of a patient with preductal coarctation with a 
large patent ductus arteriosus and an intracardiac shunt who was operated upon 
at the age of three months. No enlarged collateral vessels were seen. It was 
possible to resect the coarctation from the base of the left subclavian artery to 
just beyond the ductus, ligate the ductus at the pulmonary artery, and mobilize 
the aorta sufficiently to perform an end-to-end anastomosis. On experimental 
grounds, Baffes has suggested the use of aortic homografts from the ascending 
to the descending aorta in preductal coarctation and in atresia of the isthmus. 

Although there was minimal narrowing of the newly formed isthmus in 
the present case, this was not disturbing. A slight narrowing of the isthmus 
is a normal finding during the first three months of postnatal life in 80 per 
eent of infants with normal hearts'® and may persist into adult life in many 
instances. We know that aortic flow has been improved and that the pulmonary 
hypertension has been relieved insofar as the extracardiae circulation is con- 
cerned. Whether or not the probable interventricular septal defect will prove 
now to be a hazard remains to be seen. 


SUMMARY 


A report is made of the first successful operative correction of an extremely 
rare congenital abnormality of the aortie arch. In this case, the isthmus of the 
aorta was absent and the descending aorta arose from the left main pulmonary 
artery via a large patent ductus arteriosus. There was an unusually large col- 
lateral blood flow from branches of the aortic arch to the descending aorta and 
a bidirectional but predominantly left-to-right shunt through the ductus. The 
large collateral flow explained the clinically misleading findings of palpable 
femoral pulses and lack of cyanosis of the toes. 
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The embryology, physiopathology, and surgical repair of this lesion are 
discussed. 
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PECTUS EXCAVATUM 


SurGicaAL TECHNIQUE: A New Form oF EXTERNAL TRACTION TO THE 
ELEVATED STERNUM 


C. Leon Hotes, M.D. 
JACKSON, TENN. 


ECTUS excavatum, or funnel chest is a congenital, sometimes familial de- 

formity affecting the sternum and adjoining cartilages. The etiology is not 
clearly understood though the most commonly advanced theory is that first 
suggested by Woillez’* in 1860. He postulated the presence of a short central 
tendinous portion of the diaphragm which held the xiphisternal junction in a 
depressed state that beeame more pronounced as growth occurred. This theory 
was strongly seconded by Brown,’ Oschner and DeBakey,’ Sweet,'* and Lester.* 
Brodkin,? however, suggested that the deformity was due to a deficient muscular 
development of the anterior portion of the diaphragm which is derived from the 
septum transversum. Whatever the etiology, the deformity is psychologically 
distressing to the parents, and later to the child. It is, more importantly, a 
severe physical defect that in many instances leads to real disability, both 
respiratory and cardiovascular. 


INDICATIONS FOR TREATMENT 


Until recent years treatment was undertaken only rarely. The first reported 
instance was that of Ludwig Meyer® which was carried out in 1911. In 1913, 
Sauerbruch"! reported his first case and he later added other cases to the litera- 
ture using slightly different techniques in each one reported. Following these 
pioneer procedures, sporadic reports appeared with increasing frequeney but 
up until the time of Oschner and DeBakey’s comprehensive review’ in 1938, 
only 32 operative cases had been reported. Following this study and that of 
Brown,’ a much greater interest in the surgical management of this condition 
became generally manifest. It is now generally agreed that correction is 
indicated, (1) to correct the sternal depression, (2) to prevent, or partially 
correct the anteroposterior flattening of the entire chest, and (3) to relieve 
dyspnea, pulmonary complications, exercise intolerance, cardiae arrythmias, 
murmurs, or other evidences of cardiopulmonary limitation. 

Others have added to these indications, the need for early correction to 
prevent psychologic disturbances in the affected child. All are aware of the 
forthright frankness of children which can be disarming in its simplicity on one 
oceasion while utterly devastating on another. One can only imagine which 
effect childish observations of this deformity would have on an innocent victim. 
It is the wonderful virtue of adaptation that leads most of us through emotional 
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stresses of varying types and severity, yet some succumb to these storms, and 
emerge less well balanced than their associates. Certainly, emotionally crippled 
individuals have been observed whose affliction was due, ostensibly at least, 
to this marked deformity, so it may be a point well taken to consider the emo- 
tional trauma to which a child with a marked pectus deformity is subjected, but 
there are such real and tangible physical reasons for advising correction, that 
we should not dwell too long on the potential psychie aspects (Figs. 1 and 2). 


Fig. 1. Fig. 2. 


Fig. 1.—Preoperative photograph showing typical deformity in pectus excavatum. 
Fig. 2.—Lateral x-ray of chest. This shows the sternal depression better than any 
other x-ray projection. 


With respect to the age at which such treatment should be carried out, 
there is no universal rule. There is no age from infancy to middle age when at 
least some of the undesirable features of pectus excavatum cannot be alleviated 
with considerable benefit. Yet one should have a fairly well-defined objective 
when advising the operation in adults as the benefits are limited in comparison 
to those inherent if the operation is carried out early in childhood. Elevation 
of the sternum in an adult may increase pulmonary function somewhat; it may 
alleviate cardiac compression with improvement of the circulatory dynamics; it 
may eliminate evidences of myocardial irritability with conduction disturbances, 
and thereby rehabilitate the patient for a more useful and enjoyable life. For 
these benefits, one must be prepared to advise and carry out surgery on adults 
yet it must be emphasized that the operation in adults is a formidable one, 
fraught with technical difficulty at the time of surgery and often beset with try- 
ing postoperative complications. Finally, such limited benefits, desirable as 
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they may be, cannot be compared with the more general benefits inherent in the 
operation at an earlier age. Elevation of the sternum in adults, for instance, 
ean do nothing to correct the marked flattening of the chest which has developed 
and become fixed through the earlier years, therefore greatly augmented pulmo- 
nary reserve cannot be promised. 

At the other extreme is the very young infant. It has been stated repeatedly 
that surgery performed on a child under six months of age or so will be correc- 
tive if division of the posterior diaphragmatic attachments only is carried out, 
while more radical surgery will be necessary at a later date, even a few months 
later. I am skeptical of this idea. The more marked deformities might be 
treated by surgery in the first few months with improvement, but it is question- 
able if the advantages of a perhaps simpler operation are great enough to offset 
the disadvantages of this type of surgery at such a young age. Most surgeons 
prefer to delay all but emergency procedures to a time when the child is a 
better surgical risk, when all phases of his care are more easily and safely 
handled. 

There are exceptions to all rules, but generally speaking, it is felt that 3 to 5 
years is the optimal age for the repair of pectus deformities. Moreover, many 
borderline cases in the first few months of life will, in 2 to 3 years, have com- 
pletely disappeared or will have developed to such a state that they can be 
selected for surgery without doubt as to the need for such surgery. 


SURGICAL TECHNIQUE 


The review of Oschner and DeBakey covers most of the techniques employed 
in this condition. Since that time Brown,® Adams,’ Dailey,‘ Lester,” Dorner,® 
and others have added details or modified techniques to improve the results 
achieved. Most of these techniques and their modifications have been concerned 
with the form of fixation of the sternum. One may wedge the deformed carti- 
lages at their insertion or articulation with the sternum, and again at the costo- 
chondral juncture, and after elevation of the sternum these ribs and cartilages 
are reconstituted by suture after the method of Gross® (Fig. 3). One may or 
may not add some form of external traction to this technique. Gross does not 
feel it is necessary. 

Others, and I agree, prefer the technique of Ravitch,'® in which the deformed 
cartilages are resected and discarded, preserving the perichondrium and the 
attachments of this and the intercostal bundles. To maintain the elevation of 
the sternum, which should actually constitute an overcorrection, some forn: of 
support is necessary for a period of time. Adams, Lester, Dailey, Dorner, and 
others have used a rib strut, slung under the elevated sternum. Generally, this 
is a method which has been used in adults. 

A majority of operators have depended on some form of external traction 
such as a wire loop under the sternum, which is brought out through needle 
wounds lateral to the midline incision, and attached to a metal arch or other 
rigid support. This is maintained for 2 to 3 weeks while enough tissue fixation 
takes place so that the deformity will not recur but, just as important, will 
prevent paradoxical respiratory effort in the unstable anterior chest wall. 
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Fig. 3, A and B.—Alternate method, utilizing wedging of ribs and sternum, but no 
resection. A, Sternum free, ready for insertion of 3/32 inch pin. 8B, Cartilages reattached, 
after wedging, with fine wire or black silk. Pin in sternum, hilt emerges from skin through 
separate stab wound. 


ig. 3C.—Cross section, 
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All of these techniques have given good results but, as stated previously, 
the technique of Ravitch is preferred with some form of external traction, rather 
than that preferred by Gross. Asa form of support in children, external traction 
is preferred over any fixed rib support which has the disadvantage of requiring 


Fig. 4.—Semischematic drawings of the operative technique. A, Incision. B, Reflection 
of skin, subcutaneous layers, and pectoral muscles, exposing the rib cartilages and sternum. 
C, Incision in perichondrium. D, Peeling out deformed cartilage. (Cont’d on next page.) 


a long accessory incision to get the rib graft and, also, because such a graft, 
fixed to the ribs on either side, could become a binding force as the child grew 
in size. 
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While external traction has been the preferred method of holding the 
sternum in the correct position, this too has earried with it some problems, at 
least on oceasion. In one of my eases, the wire actually cut through the sternum 
which is rather soft in children, and the support was lost sooner than it was 
thought desirable. In other eases the wire might break. These considerations 
led me to act on a suggestion by an orthopedie colleague (Dr. James LeNoir of 
New Orleans) that a Steinmann pin be inserted through the sternum, the 
osteotomy site, and buried in the manubrium, the hilt being left long and the 
traction applied to this protruding shaft. Inasmuch as skeletal traction via 
Steinmann and other pins is such a well-tried and accepted procedure, this sug- 
gestion was thought worthy of trial. 


Fig. 4.—Cont’d. EH, Cartilages all removed, %2 inch pin inserted through entire sternum, into 
manubrium. F, Shows %» inch pin (osteotomy through posterior table). 


OPERATIVE TECHNIQUE 


The actual technique is shown in the photographs of a series of semischematic drawings 
(Fig. 4). The skin is incised in the midline, from the level of the angle of the sternum to 
a point midway between the xiphoid and the umbilicus, The skin, subcutaneous tissues, and 
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the origin of the pectorals are reflected from the sternum and the anterior ribs (Fig. 4, A and 
B). The perichondrium is incised and stripped from the cartilages, third to the seventh 
inclusive, bilaterally. These deformed cartilages are then resected at the costochondral and 
the chondrosternal juncture and discarded (Fig. 4, C and D). The xiphoid which is also 
deformed, being turned sharply forward, is elevated and resected. Any limiting diaphragmatic 
attachments are divided from this area of the lower sternum. With the sternum thus freed, 
the real degree of backward sternal curve can be observed. In all but perhaps the very 
youngest infants, this will be sufficient to warrant an osteotomy of the sternum at the level 
of the third interspace to correct the sternal depression, or to allow an adequate degree of 
‘‘over-correction.’’ This osteotomy can be done in two ways. The usual method is to cut a 
wedge of perhaps 0.5 to 1.0 em. through the anterior table, and bending, or actually fractur- 
ing, the posterior table to gain an adequate elevation of the sternum. Another method is to 
pass a Gigli saw under the sternum at the proper level and cut through the posterior cortex. 
This has no real advantage, though only one cut through the sternum is necessary here as 
the ventrad bending of the sternum spreads the site of the posterior osteotomy, or saw line. 


Fig. 5.—Postoperative photograph. The sternum is well elevated. The wire is attached to a 
pectoral ladder, or other scaffold, for 2 to 3 weeks. 


With the sternum then completely free and held in an elevated position, a very tiny, 
2 mm. stab wound is placed 1 to 2 em. to either side of the incision at the level of the end 
of the sternum. Through this hole a 3/32 inch Steinmann pin is introduced with a hand 
drill. The pin passes through the small stab wound, and is made to engage the tip of the 
sternum. This pin is slowly drilled through the entire length of the medullary space, across 
the osteotomy site, and into the manubrium. As the osteotomy site is traversed the sternum 
is lined up so the pin will continue across the manubrial marrow space. It is thus that the 
‘*normal’’ angle is eliminated, and it is by this degree that the sternal elevation constitutes 
an ‘‘over-correction.’’ The drill point is stopped as it is felt to emerge from the manubrial 
cortex in the suprasternal notch. The hand drill used to introduce the pin is removed from 
the hilt. 

The long operative wound is then closed with interrupted silk sutures. The instability 
of the anterior chest wall on either side of the sternum is negated by the elevation of the 
sternum. This elevation in turn will be maintained by some pectoral ladder, or archlike 
support over the lower chest or the upper abdomen. Fig. 5 shows the pin in position and 
the sternum elevated after a period of traction. The wire is attached to the ‘‘ladder’’ which 
is fixed to the patient’s torso. The extreme tip of the protruding pin can be bent slightly to 
prevent the wire slipping off, losing the traction. This elevation and external traction is 
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maintained from 2 to 3 weeks. It may not be necessary after the first ten days but the 
additional period does no harm and since there is no discomfort, it is well tolerated and 
the additional interval probably allows further stabilization of the anterior chest wall and 
sternum. Up to ten days the external traction is considered essential because of the relative 
instability of the chest after resection of all the deformed cartilages. This, plus the ‘‘over- 
correction’’ compensates for the paradoxical motion present in this area if traction is 
released. The 3/32 inch pin is removed quickly and simply by twisting the pin slightly, or 
if necessary, the hand drill ean be attached and reverse-turned 1 or 2 cycles after which it 
will slip out readily. 

This operative technique has now been used three times with good results in children, 
and the entire problem and misgivings of external traction has been simplified thereby. It 
was used also on one occasion in an adult, but was removed after four days because of a 
series of inexplicable complications unrelated to the pin, and probably triggered by the com- 
plications of an operative pneumothorax, and a postoperative empyema, so no conclusions 
can be drawn one way or another relative to its use in adults. It does seem, however, to be 
most ideally suited to children. 


A. 


_ , Fig. 6.—Anteroposterior and lateral x-rays taken in the postoperative period showing 
- y a Wire traction applied to inferior end and suspended to wire ladder or other 
metal arch. 


SUMMARY 


It is now generally recognized that pectus excavatum is a deformity of 
considerable physiologic significance, and that anatomic correction is desirable in 
nearly all cases. 

Many techniques have been used in the evolution of a completely satisfactory 
surgical procedure, but a standardized procedure has been slow to appear due (1) 
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to the relative infrequency with which any one surgeon will deal with the con- 
dition, (2) to the special problems imposed because of the wide mobilization of 
the anterior chest wall necessary to elevate the depressed sternum, and (3) to 
the several methods of sternal fixation introduced, internal and external. 


The present report introduces nothing new in the way of correcting the 
deformity but does report another simplified form of external traction built on 
the well-established principle of external traction via a Steinmann pin. This 
method aligns the elevated and osteotomized sternum over a 3/32 inch Steinmann 
pin which penetrates the entire sternal marrow space and is fixed in the manu- 
brium. The free end is held suspended to a pectoral ‘‘ladder’’ or arch by a 
wire for a period of 2 to 3 weeks, at which time it is removed simply by traction 
on the free end. 


The elevation is sure and under accurate control until finally released. It 
is painless to the patient and introduces no new liability to the desired end result. 
At least no such factors have been encountered or visualized. 
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CANCER OF THE LUNG 
AN ANALYSIS AND EVALUATION OF 100 CONSECUTIVE CASES 


CLARENCE A. BisHopr, M.D. 
LittLE Rock, ARK. 


N ANALYSIS of 100 consecutive cases of cancer of the lung is presented. 

This series includes only patients seen in the five-year period from Decem- 

ber, 1950, to December, 1955. Though small in number, it is felt that the cases 
are quite representative. Every patient has had a complete follow-up. 

In this series, 59 patients were considered to be not operable on admission 
to the hospital. The term ‘‘operable’’ as used herein is defined as meaning that 
the tumor (and nodes) may be extirpated en bloe dissection without cutting 
into or through grossly visible cancerous tissue. 

Lesions were considered to be not operable when there was physical evidence 
of: (1) distant metastasis, (2) spread of the tumor to cervical lymphaties, as 
evidenced by a positive scalene node and fat pad biopsy, (3) encroachment by 
the tumor upon the carina and trachea, as evidenced by bronchoscopy and 
biopsy, (4) invasion of mediastinal structures, as evidenced by Horner’s syn- 
drome, tracheoesophageal or bronchoesophageal fistula, voeal cord paralysis, 
or phrenic nerve paralysis, and (5) pleural fluid positive for malignant cells. 

Lesions were considered to be not operable when there was roentgenographic 
evidence of nonresectability by planigram and bronchogram, showing: (1) a 
‘*frozen’’ hilum as evidenced by a dense hilar mass obscuring the hilar com- 
ponents, (2) encroachment of the tumor and metastatic nodes upon the carina 
and trachea, (3) submucosal infiltration at the carina (by bronchogram), (4) 
paratracheal nodes extending up into the root of the neck, (5) invasion of 
mediastinal structures, and (6) evidence of metastasis to the opposite lung or 
nodes (Figs. 1 through 8). 

For analytic as well as treatment purposes, the patients were divided into 
four groups: 


Group 1.—Far-advanced hopeless cases in which there were bony or other 
distant metastasis. There were 41 patients in this group. None are now alive. 
Approximately one half of the patients in this group were given nitrogen 
mustard and/or deep x-ray therapy. The mean (not average) survival time of 
this group was two months following admission to the hospital for both the 
treated and untreated cases. 


Group 2.—In this group, patients were considered to be nonresectable, but 
without immediate evidence of distant metastasis. There were 18 patients in 
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hilum. 


Fig. 2.—Planigram showing encroachment on carina and trachea by tumor and nodes. 


| 
— 
Fig. 1.—Planigram showing a frozen 


332 BISHOP 


J. Thoracic Surg. 
March, 1957 


Fig. 3.—A. Posteroanterior view of patient with bilateral nodal metastasis. B, Broncho- 
gram of same patient revealing submucosal infiltration at carina and into trachea. Lesion by 


planigrams and bronchogram was deemed inoperable. 
x-ray and nitrogen mustard therapy. 


Survival time was 13 months following 
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Fig. 4.—Bronchogram of a recent patient deemed inoperable. Planigrams and bronchogram 
reveal a frozen hilum and well-demonstrated submucosal and paratracheal infiltration. 


Fig. 54.—Planigram of patient with vocal cord paralysis showing invasion of mediastinal 
structures. Survival time was 12 months. 
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: Fig. 5B.—Planigram of a patient with vocal cord paralysis showing invasion of medias- 
tinal structures. Patient was treated with x-ray and nitrogen mustard. Survival time was 


13 months. 


At surgery, 
in four months, 


inconclusive of nonoperability. 


Fig. 5C.—Bronchogram (and planigrams) 
this lesion was not resectable (frozen hilum). Post-mortem examination, 


revealed submucosal (and paratracheal) infiltration far up into trachea. 
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Figs. 6 and 7.—Posteroanterior views of 2 patients with bilateral nodal metastasis proved at 
post-mortem examination. 
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this group. Surgery was withheld and all of these patients were treated with 
nitrogen mustard and/or deep x-ray therapy. Seven patients are still alive, 
one for thirty months, 3 for eighteen months, one for twelve months, one for 
seven months, and one for five months. Of the 11 patients dead, the mean 
survival time was ten months, with a low of five months and a high of thirty- 
nine months. 


Fig. 8.—Planigram showing a frozen hilum and invasion of mediastinal structures. 
Note displacement of the left main bronchus by tumor. Survival time was 39 months after 
x-ray and nitrogen mustard therapy. 


Group 3.—In this group, preoperatively, roentgenograms were not conclu- 
sive of inoperability. These patients all had exploratory operations and were 
found to be nonresectable. This group, numbering 20 patients, was treated 
postoperatively with nitrogen mustard and/or deep x-ray therapy. None of 
this group is now alive. The mean survival time in 16 cases was under four 
months. Two patients survived thirteen months, one patient twelve months, 
and one for nine months. 


Group 4.—Twenty-one patients in whom resection was performed. Sixteen 
of the 21 are still alive. Only one of this group has a known recurrence or 
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metastasis at present. (An alveolar-cell carcinoma for which a lobectomy was 
done because of a low respiratory reserve. A positive biopsy was recently ob- 
tained at the carina.) (Tables 1 and II.) 


TABLE I. Group 4: RESECTED CASES STILL ALIVE 


NO. OF TIME | 


PATIENTS (YEARS ) PROCEDURE PATHOLOGY 


Lobectomy Squamous-cell carcinoma 
Lobectomy Malignant adenoma 
Pneumonectomy Oat-cell carcinoma 
Pneumonectomy Epidermoid carcinoma 
Pneumonectomy Epidermoid carcinoma 
Lobectomy Alveolar-cell carcinoma 
Pneumonectomy Epidermoid carcinoma 
Lobectomy Adenocarcinoma 


TABLE II. Group 4: ReESECTED CASES Not ALIVE 


NO. OF TIME 
PATIENTS | (MONTHS) | PROCEDURE PATHOLOGY CAUSE OF DEATH 
1 22 Pneumonectomy Epidermoid Carcinomatosis 
carcinoma 
1 12 Pneumonectomy Epidermoid Carcinomatosis 
earcinoma 
1 Pneumonectomy Epidermoid Coronary disease (no evi- 
carcinoma dence of carcinoma at 
post-mortem examina- 
tion) 
8 Pneumonectomy Epidermoid Carcinomatosis 
earcinoma 
1 week Pneumonectomy Epidermoid Hospital death; atelectasis 
carcinoma and pneumonia 


Total 


DISCUSSION 


From the mean survival time in months, it is immediately apparent that 
best results are obtained when the primary tumor is resected. This has been 
proved over and over again. No further comment will be made except to sur- 
mise that the five-year survival rate in this series will not be much different 
from the many other reported series. 

It is equally apparent that by exploratory operations in nonresectable pa- 
tients we are reducing the mean expectancy of life, in months, of these patients. 
This is forcefully demonstrated by the less than four months mean survival time 
of our patients after fruitless thoracotomy; whereas, a presumably further ad- 
vanced group with obvious contraindications to surgery survived a mean of 
ten months and in no instance survived less than five months when surgery was 
withheld. Repeating the words of Brantigan, ‘‘there is a great obligation to 
withhold operation on patients with signs of nonresectability.’’ We must use 
every available means to determine those lesions which are not resectable before 
exploration. We cannot explore routinely every patient with cancer of the 
lung without a reasonable and thorough evaluation of resectability beforehand. 

There is no longer any doubt that there is a marked increase in the inei- 
dence of carcinoma of the lung. It behooves us not only to increase the five-year 
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Fig. 10. 


Fig. 9.—Planigram in routine position inconclusive of inoperability. Films taken else- 
where prior to admission were available and revealed no change in the nodes visible in the 
left hilum in five years. 

Fig. 10.—Planigram of same patient in semi-oblique position reveals large sub-carinal 
and mediastinal nodes extending to opposite (left) side. 
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survival rate of operable patients, but also to inerease the life expectancy and 
comfort of all patients with cancer of the lung, including the inoperable ones. 
This means a stricter evaluation of patients, withholding surgery on patients 
where lesions are by roentgenograms, ete., obviously not resectable. 

There is growing evidence that dissection of, and biopsy of, nonresectable 
lesions leads to rapid and uncontrollable spread of cancer, not only in carcinoma 
of the lung, but in carcinoma of other organs as well, notably carcinoma of the 
head of the pancreas as one example. Everyone agrees that needle biopsy of 
inoperable tumors should not be done because of fear of spread of the tumor 
through the chest wall or adjacent tissue, with rapid generalized dissemina- 
tion. With the chest open, one cannot biopsy a lesion without opening channels 
for spread or contaminating the chest cavity. 

In this series, planigrams and bronchograms have been the most reliable 
sources of determining resectability, preoperatively. Planigrams in a semioblique 
position have, on oceasion, been helpful in visualizing mediastinal invasion when 
normal vertical planigrams were inconclusive (Figs. 9 and 10). We have visual- 
ized bronchogenic carcinoma by bronchogram (submucosal infiltration) in a few 
cases not seen by the bronchoscopist, as well as in those cases impossible to be 
seen by bronchoscopy. We have been thoroughly disappointed with the use of 
routine sealene node and fat pad biopsy. A negative report has been received 
too often when the lesion was shown to be grossly not resectable by planigram, 
with metastasis to opposite lung, ete. We have never had a positive sealene node 


biopsy when roentgenograms were inconclusive of resectability. (Lesions that 
proved to be inoperable on exploration.) Angiocardiograms have not been used 
to determine resectability preoperatively. Mediastinal node biopsy has not been 
done in sufficient number to determine its value. 


It is realized that many surgeons do not consider vocal cord and phrenic 
nerve paralysis, as well as invasion of the carina and trachea, evidence of non- 
resectability. In the past, we have found that when those conditions were 
present, although the primary tumor was removed in some eases without leaving 
visible cancer behind, there apparently was blood-borne dissemination already 
present in every instance, as evidenced by the early appearance of metastatic 
lesions postoperatively. Palliative resections for uncontrolled pain, abscess, 
invasion of chest wall, ete., are obvious necessities in some cases and have no place 
in this discussion. 

Symptoms suggestive of cancer of the lung, as emphasized by Ochsner and 
others, are symptoms of complications. They are late symptoms and are prob- 
able evidence per se of a low five-year expected survival rate. 

Surgery, to be effective, must be early. We must operate on suspicion of 
eaneer. As emphasized by Rigler, Overholt, and others, it is possible to demon- 
strate a lesion in the lung by roentgenogram long before symptoms arise. Lack 
of a histologic diagnosis should not delay exploration when roentgenograms 
suggest cancer of the lung. Does one do harm by early exploration of (on 
suspicion of eancer) (1) hamartoma, (2) adenoma, (3) solitary tuberculous 
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lesion, (4) lipoid pneumonia, or (5) an unexpansible atelectatic segment? (Other 
lesions besides carcinoma encountered on early surgery.) How does one rule 
out cancer clinically? 

No patient over forty years of age should be discharged after a bout of 
pneumonitis without a follow-up roentgenogram of the chest. Age per se is no 
contraindication to surgery. Two of our patients still alive and well after resee- 
tion are now over eighty years of age, having been seventy-nine years old at 
the time of resection. 


CONCLUSION 


1. Every available means should be used preoperatively to determine resee- 
tability of lung eaneers. 

2. Inoperable cases without detectable distant metastasis may be palliated 
by use of nitrogen mustard and deep x-ray therapy if surgery is withheld. 

3. In explored, but nonresected eases,-there should be minimal disturbance 
of involved tissue to prevent dissemination of the tumor and rapid deterioration 
of the patient. 

4. Surgery, to be effective, must be early. We must operate on suspicion of 
caneer—before symptoms arise—by detection of lesions too small to be diagnosed 
preoperatively, through routine periodic roentgen survey of the chest. 
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THE IMMEDIATE POSTOPERATIVE COMPLICATIONS OF THORACIC 
SURGERY IN PULMONARY TUBERCULOSIS 


Davin E. THomas, LiEUTENANT CoLONEL, MC, USA 
DENVER, COLO. 


INTRODUCTION 


ITH the advent of excisional surgery for pulmonary tuberculosis, the 

employment of such modes of therapy as extensive thoracoplasties, pneumo- 
peritoneum, pneumothorax, or phrenic crush has waned almost to the point of 
disappearance. 

The proper selection of patients for surgery is in a state of flux at the 
present time. Such factors as the type of disease which is best handled by 
drugs alone and the incidence of relapse following drug therapy compared to 
the morbidity and mortality of surgery must all be carefully weighed in making 
a decision for or against excisional surgery. 

There is a paucity of articles in the literature dealing with the postoperative 
complications of thoracic surgery in tuberculosis and no really exhaustive 
analysis of the problem. 


REVIEW OF RECENT LITERATURE 


Francis,’ in an evaluation of the first 100 cases subjected to excisional 
surgery at Harefield Hospital in England, showed 90 per cent good results in 
the excision of large caseonodose residuals and only 64 per cent good results in 
the remainder, many of which represented problem cases with associated dif- 
ficulties. Thirteen fistulas occurred in the latter group and there were four 
operative deaths. Spreads and reactivation of disease occurred in 6 patients 
soon after surgery. Some adverse prognostic factors were considered to be inade- 
quate treatment, unstable disease, inadequate localization of disease, endobron- 
chitis, cavity opened at surgery, and positive sputum. 

Douglass and his colleagues? reviewed 589 consecutive pulmonary resections, 
of which 110 were classified as salvage cases while the remainder were elective. 
Sixteen deaths occurred within sixty days after surgery; one third of the salvage 
eases and one fifth of the elective cases were complicated. No attempt to corre- 
late complications with significant factors was made. 

Decker and his associates* analyzed 355 resected and 109 drug-treated pa- 
tients and showed conclusively the value of surgery in the open-positive and the 
open-negative case. An over-all 0.6 per cent operative mortality and a complica- 
tion rate of 12 per cent for the open-positive case compared to 6 per cent and 
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5 per cent for the open-negative and closed-negative case, respectively, was 
shown. It is their conclusion that operative morbidity and mortality were not 
in any way prohibitive. It is interesting to note that they state that the inci- 
dence of significant operative complications increased in direct proportion to 
the magnitude of the resection. 

Falk and Tucker‘ reported seven deaths among 310 patients in the imme- 
diate surgical period. A total failure and relapse rate of 7 per cent was recorded 
and was correlated with positive sputum, open cavities, and unstable roentgeno- 
graphic lesions. Bronchial tuberculosis was related to bacteriologie relapse, 
as was localized empyema at the site of resection and reactivation of unresected 
disease. Failures oceurred chiefly in the far-advaneed group. 

Murphy,® in an analysis of 133 patients undergoing segmental resection, 
concluded that patients did better if operated upon while on their first course 
of treatment; open cavities decreased the possibility of suecess, as did the pres- 
ence of positive sputum. 

Bell® experienced 20 per cent expansion problems in 308 segmental resee- 
tions and wedge resections. He considered that most of them did not represent 
bronehopleural fistulas but rather fibrotic remaining lung or remaining lung 
which was already distended and emphysematous and not normally capable of 
expansion. His conclusions regarding treatment agree, in general, with mine. 
An interesting addendum to this article is the statement that there have been 
no postresection spaces in patients in the last 75 thoraecotomies performed since 
adopting the technique of approximating raw surfaces. <A discussion of this 
technique is to be the subject of a later article.’ 


ANALYSIS OF 100 CONSECUTIVE CASES 


A detailed analysis of 100 consecutive cases leaving the Tuberculosis Ward 
of the Thoracic Surgery Service at Fitzsimons Army Hospital was made in an 
attempt to determine significant factors related to complications. This service 
offers a unique opportunity to evaluate the problem under average conditions, 
since the surgical staff is a cosmopolitan group drawn from all parts of the 
country and trained at various centers. Each surgeon is responsible for the 
postoperative care of his patients, so a variety of procedures and approaches are 
employed. 

The clinical material is primarily military personnel on active duty and 
their dependents, with a few veterans. A majority of the patients were on the 
Surgical Service for but a few weeks or months, but one patient was with us 
for six years. For age, sex, and race distribution, see Table I. 

Patients are selected for surgery by a joint Medical-Surgical Board. The 
case is presented by the patient’s ward officer, discussion follows, and a decision 
is reached. The criteria for surgery are not rigid, but, in general, those patients 
with large caseonodose residuals (2 em. or over in greatest diameter), open or 
closed cavities, persistently positive sputum, severe tuberculous bronchiectasis, 
thick pleural peel, or history of reactivation, particularly after prolonged drug 
therapy, are selected for thoracotomy. Of the 100 patients, only 12 were in the 
so-called salvage category. The percentage of far-advanced cases is much smaller 
in Fitzsimons Army Hospital than in the average public-supported sanatorium. 
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TABLE I. DISTRIBUTION OF CASES 


| AGE | 0-10 | 10-20 | 20-30 | 30-40 | 40-50 | 50+ | TOTAL 
Male 1 6 1 8 
Negro Female 1 5 4 10 
Male 25 54 
White Female 1 12 ‘) 1 1 24 


Male 0 
Mongolian Female a 1 4 
Male 2g 31 24 5 62 

Subtotal = Female 2 20 14 1 1 38 


Total 51 100 


The 100 patients involved in this report had a total of 146 anesthetics and 
182 procedures. Obviously, multiple procedures at one thoracotomy are far from 
unusual, 


Since this detailed breakdown renders the material difficult to analyze 
accurately, the cases were reconsidered on the basis of the definitive or most im- 
portant procedure performed. It is admitted that this approach permits the 
entrance of the human equation and may cause the reader to consider the factor 
of bias. In order to make the study comprehensible, eases involving more than 
one operative procedure at one thoracotomy are considered together. Table II 
lists all the procedures performed and Table III tabulates the most important 
procedure in each ease. One ean see that multiple procedures must be con- 
sidered together in order to have statistical significance. Also, in general, if 
multiple procedures are required, the process is more severe. Segmental plus 
wedge resections are considered separately for reasons which will become clear 
later. 


TABLE IT. PROCEDURES PERFORMED IN 100 CASES 


Segmental resection 


Lobectomy 

Thoracoplasty 42 
Wedge resection 26 
Decortication 14 
Pneumonectomy 1 
Monaldi operation 1 
Biopsy lymph node and lung 1 
Unroof sinus tract and bronchopleural fistula, old 1 
Partial scapulectomy 1 
Exploratory thoracotomy for bronchopleural fistula or postoperative hemorrhage 2 
Closed intercostal tube drainage 5 
Incision and drainage of incision 2 
Tracheotomy 1 
Secondary closure of wound a 
Total 182 


Having described the material and stated the objective, one must delve 
into semantics to decide what is a complication. Should one consider any 
deviation from an utterly smooth postoperative course, such as the necessity to 
perform a thoracentesis for a relatively small amount of intrathoracic fluid, we 
would have the rather ridiculous case complication rate of 66 per cent. Roentgen 
visualization, being so much more revealing in the chest, permits the thoracie 
surgeon the questionable luxury of worrying over situations the abdominal 
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DEFINITIVE PROCEDURE 


TABLE IIT. 


Segmental resection 
Lobectomy 
Segmental and wedge resection 

Wedge resection 10 
Decortication 6 
Pneumonectomy 1 
Unroof sinus tract and bronchopleural fistula 1 
Modified thoracoplasty 1 
Mediastinal lymph node and lung biopsy 1 
Lobectomy and thoracoplasty 3) 
Lobectomy and segmental resection 2 
Lobectomy, wedge resection, and thoracoplasty 2 
Lobectomy, wedge resection, Gecortication, and thoracoplasty 2 
Segmental, wedge resection, and thoracoplasty 
Decortication and wedge resection 

Lobectomy, decortication, and thoracoplasty 
Lobectomy and wedge resection 

Lobectomy, segmental resection, and thoracoplasty 
Lobectomy and decortication 


Total 


surgeon is not in a position to know exists. So, for the purpose of this study, 
a complication is defined as any postoperative situation which requires re-tubing 
of the chest or re-operation, is life endangering, may have serious sequelae, or 
results in death. Using these criteria, the case complication rate is 23 per cent. 
Many of these patients had multiple complications. Table IV lists the 28 com- 
plications encountered by procedure. 


TABLE IV. MAJsor COMPLICATIONS BY PROCEDURE 


COMPLICATIONS 
EMPY- 
EXPAN- EMA AND 
NO. SION BRONCHO- SUB- WOUND 
OF PROB- HEMO- | PLEURAL | CARDIAC |SCAPULAR| INFEC- | ATELEC- 
CASES PROCEDURE LEM THORAX | FISTULA | ARREST | ABSCESS TION TASIS | TOTAL 
8 Segmental resec- 
tion 7 9 
3 Lobeetomy 1 1 1 3 
6 Segmental and 
wedge resection 6 1 a! 8 
1 Wedge resection 1 1 
1 Pneumonectomy 
1 Lobectomy with 
thoracoplasty 1 1 2 
1 Lobectomy, de- 
cortication, 
wedge, and 
thoracoplasty 1 1 
1 Segmental, 
wedge, and 
thoracoplasty 1 1 
Deecortication and 
wedge 1 2 
|Subtotal | 16 | 3 | 3 eee | 2 | 28 


As is expected, the expansion problems, pneumothorax, hydropneumothorax, 
and hemopneumothorax, constitute the major portion of the complications. 
Minor degrees of atelectasis were frequent, but responded readily to treatment 
and did not meet the definition of a complication. 
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It is the general feeling that complications, particularly expansion problems, 
are more common with segmental resections. Actually, this procedure was 
employed in 34 per cent of the cases, accounted for 34 per cent of the case 
complications and 44 per cent of the expansion problems—a statistie which is 
probably significant but not imposing. Segmental plus wedge resection accounted 
for 12 per cent of the 100 definitive procedures and 50 per cent of the 12 patients 
developed complications. Six of the 8 complications were expansion prob- 
lems. Why this procedure should develop more complications is not readily 
determinable in view of the low incidence of complications for wedge resection 
alone. One might postulate that a wedge is often taken concomitantly with a 
segment in order to obtain disease which transects the segmental plane. Inade- 
quate closure of this area of additional resection would increase the possibility 
of expansion problems. The 16 eases in which multiple procedures were per- 
formed at one thoracotomy resulted in 4 case complications, an incidence prac- 
tically identical with that for the group as a whole and a finding not in agree- 
ment with a previously quoted article.* 

Complications by age, race, and sex are listed in Table V. The 20- to 30- 
year bracket comprised 51 per cent of the cases and 39 per cent of the complica- 
tions, while the 30- to 40-year group represented 38 per cent of the eases and 
56.5 per cent of the complications. Males account for 62 per cent of the ease 
population and 65 per cent of the case complications. With 78 per cent of the 
eases, the white race accounted for 91 per cent of the complications. This 
would suggest that increasing age increases the incidence of complications. 


TABLE V. MAgor COMPLICATIONS BY AGE, RACE, AND SEX 


AGE | 0-10 { 10-20 | 20-30 | 30-40 | 40-50 | 50+ | TOTAL 
Male 1 1 


Negro 
Female 1 


Male 
White 
Female 


Male 
Subtotal 
Female 


Total 


The factor of residual disease on the operated side was considered. It is 
common practice in this institution to make no attempt to extend the seope of 
the surgical procedure to include small fibrocaseous and easeonodose residuals 
felt to be of no surgical significance. Forty-four patients had residual disease 
remaining and 11 of these developed complications. This indicates that remain- 
ing disease on the operated side does not influence the complication rate. 
Bilateral disease may increase the complication rate slightly, since there were 10 
complicated cases in 30 with evidence of bilateral disease. Positive sputum at 
the time of surgery was present in 3 patients and 2 of these developed complica- 
tions. Such a small number of cases is of no statistical significance but indicates 
a trend in agreement with the findings of Murphy.’ 
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Salvage surgery was performed on 12 patients in an attempt to remove 
life-endangering foci of disease such as tension cavities and restore the patient 
to a status consistent with extra-institutional life. Complications developed in 
50 per cent of these patients, the increase in incidence being of a similar order 
to that reported by Douglass and his colleagues.? 

The duration of therapy did not influence the complication rate. The 
range for all cases was 1 to 36 months with an average of 9 months, while the 
average for complicated cases was 10 months with a range of 6 to 36 months. 

It was felt that the microscopic evaluation of the degree of activity of the 
lesion might significantly correlate with the complication rate, so 46 cases were 
analyzed with the results shown in Table VI. Surprisingly, the incidence of 
complications is essentially identical in the 3 categories. 


TABLE VI. CORRELATION OF ACTIVITY OF LESION WITH COMPLICATIONS 


ALL CASES COMPLICATED CASES 
Highly active 8 5) 
Moderately active 18 5 
Slightly active and inactive 20 4 


46 11 


Total 


The possible correlation of the pathologie diagnosis with an increased com- 
plication rate for a specific type of tuberculous lesion was sought. The statistics 
are presented in Table VII. Where there are sufficient cases to make comparison 
valid, no significant percentage differential appears. 


TABLE VII. CORRELATION OF COMPLICATIONS WITH PATHOLOGIC DIAGNOSES 


ALL CASES | COMPLICATIONS | PERCENTAGE 
Caseonodose 87 22 25 
Caseocavitary 33 7 21 
Bronchiectasis 23 5 22 
Endobronchitis 23 6 26 
Pulmonary emphysema 4 2 50 
Tuberculous lymphadenitis 4 a 25 
Chronie nonspecific bronchitis 5 3 60 


Total 179 46 


It is commonly felt that tuberculous endobronchitis is associated with an 
increased incidence of bronchopleural fistula in the early postoperative period. 
This is undoubtedly so in the grossly demonstrable lesion. The diagnosis of 
endobronchial tuberculosis in our patients was made on the basis of microscopic 
examination, often on the finding of only one minimal submucosal lesion or 
disease in the vicinity of a bronchocavitary junction. It is apparent that endo- 
bronchial tuberculosis so diagnosed does not increase the postoperative hazard. 

The complications related to operative and postoperative errors and accidents 
are listed in Table VIII. These are worthy of discussion, since they are so 
closely related to the human factor and subject to improvement. 

It was formerly the practice to permit patients to ambulate carrying their 
gravity drainage bottles in slings. This was discontinued when one patient 
developed a Staphylococcus aureus empyema secondary to breaking a bottle, At 
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TABLE VIII. TECHNICAL ERRORS AND ACCIDENTS RELATED TO COMPLICATIONS 


ERROR OR ACCIDENT | COMPLICATION 

. Broken gravity drainage bottle Staphylococcus awreus empyema 
Remaining bronchus compromised at seg- Expansion problem 

mental resection 
Pneumoperitoneum in right upper quad- Air embolus; cardiac arrest; death 

rant 
Tube drainage of hemithorax for 21 days Staphylococcus aureus empyema; broncho- 

pleural fistula 

Long bronchial stump at pneumonectomy © Mixed empyema; bronchopleural fistula 
Operated upon with skin superficially in- Wound infection, severe 

fected and while on high steroid dosage 
and 8. Tube disconnected from Stedman Expansion problem 
pump 


the present time, patients with underwater-seal bottles are not permitted 
indiscriminate ambulation and are trained to clamp or pinch off the tube im- 
mediately if anything should happen to the gravity drainage bottle. Plastic, 
unbreakable bottles would be a help. 

The one death in this series oceurred in a patient given pneumoperitoneum 
in the right upper quadrant at the close of an upper lobe segmental resection. 
A peculiar churning noise in the chest was noted, followed by eardiae arrest. 
The chest was promptly reopened and massage started, but a spontaneous 
sustained heartbeat failed to return in spite of repeated electric shocks and the 
usual ancillary measures. At autopsy, the heart showed evidence of thermal 
injury resulting from the electrie shocks. There was no evidence of trauma to 
the liver, but it was felt that the patient had had an air embolus, probably from 
injection of air into the liver or some vein in the area. Pneumoperitoneum as 
an aid in space obliteration in upper lobe resections was given up as being of 
questionable value. When used after lower lobe surgery at the present time, 
it is given in the left lower quadrant of the abdomen while the patient is awake 
in order to avoid the liver and in order to appreciate untoward occurrences 
more rapidly. 

Prolonged tube drainage has been accepted as a cause for empyema and 
our experience would indicate this is valid. As a rule it is our practice not to 
leave a tube in the chest for more than 14 days, and if there is still evidence of 
air leak at this time, operative measures for correction are taken. Failure to 
follow this procedure probably resulted in empyema after 21 days of closed-tube 
drainage in one ease. 

A previous regime in 1949 failed to follow the basic surgical tenet of 
excising the bronchus near the carina during pneumonectomy. The inevitable 
bronechopleural fistula and mixed empyema which occurred led to a series of 
risky operative procedures which eventually closed the fistula and terminated 
the empyema, but the patient is a borderline respiratory cripple and still has a 
positive sputum from lesions in the opposite lung. He would never have been 
selected for excisional surgery according to our present criteria. 

A severe wound infection occurred in a patient operated upon while on high 
cortisone dosage with his skin incompletely cleared from a Merthiolate dermatitis. 
The error, actually, was one of judgment, since the procedure was elective. The 
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poor wound healing known to occur in the presence of high cortisone dosage 
added to the presence of organisms in the superficially infected skin and operative 
site was a combination practically assuring catastrophe. The lesson is obvious— 
do elective procedures when conditions are ideal. 

Finding the chest tube disconnected from its source of negative pressure on 
two oceasions emphasizes the importance of employing tight connections supple- 
mented by adhesive strapping and of educating ward personnel and patients in 
the proper supervision and care of chest drainage equipment. In each vi our 
cases, the condition was discovered by the surgeon and there was no way to 
determine how long it had existed. Fortunately, the resultant pneumothorax 
responded to the usual treatment and empyema did not oceur. 


DISCUSSION 
Excisional surgery for pulmonary tuberculosis is far from a benign pro- 
cedure. The mortality rate, 1 per cent in this study, is not a deterrent, but the 
morbidity and complications are of sufficient magnitude that one must consider 
the individual case carefully before submitting the patient to thoracotomy. 
Considering the problem just from the standpoint of postoperative complications 
in a group composed mainly of young and middle-aged adults, one may reach 
certain conclusions. 

A ease complication rate of 23 per cent is not to be taken lightly. However, 
a majority of the complications responded to therapeutic efforts for their corree- 
tion and, in all but one patient who should not have been operated upon initially, 
a satisfactory end result was obtained. Many paid for their complication with 
a reduced vital capacity secondary to fibrosis or thoracoplasty. The salvage 
cases required more extensive surgery, were fraught with complications, de- 
manded the best of all concerned, but were most rewarding in that a successful 
end result represented a person who could not otherwise have been returned to 
society. 

As is so often the ease, the human factor accounted for or contributed 
significantly to one third of the complications, and it is only in this sphere, as 
far as can be determined by this study, that we should expect to see improvement 
in the near future. Certainly, nothing was discovered in the evaluation of other 
factors which would influence selection of patients, operative approach, or post- 
operative care, in the expectation of reducing complications. 

Considering the matter in all its aspects, the complications of excisional 
surgery in tuberculosis are more a worry and concern to the doctor than a 
reason for withholding surgery from the patient with a lesion which should be 
resected. While the morbidity is increased and further operative procedures are 
often required, the end result in the treatment of complications is almost 
uniformly satisfactory. With the passage of time and further study and evalua- 
tion, the indications for surgery will become more clear-cut and definite. The 
complication rate may well have a definite influence in determining these indica- 
tions. 
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SUMMARY 


1. One hundred consecutive cases of pulmonary tuberculosis leaving the 
Thoracic Surgery Service at Fitzsimons Army Hospital were evaluated with 
respect to postoperative complications. 

2. In 23 eases, there were 28 complications, the most frequent being expan- 
sion problems. 

3. The percentage incidence of expansion problems was greatest in segmental 
resections combined with wedges and slightly more common than the group 
average in segmental resections alone. 

4. Multiple procedures at one thoracotomy did not increase the incidence 
of complications. 

5. Incidence of complications increases with age. 

6. Residual disease on.the operated side does not influence the complication 
rate, but cases of bilateral disease show a slight increase. 

7. Complications are more frequent in so-called salvage cases. 

8. Pathologie diagnosis or degree of activity of the lesion does not influence 
the complication rate; nor does the duration of antituberculous therapy. 

9. The microscopie diagnosis of tuberculous endobronchitis in the absence 
of grossly visible endobronchial disease is not associated with an increase in 
complications. 

10. The human factor contributed to complications in 8 cases. It is in this 
zone that improvement should be sought most diligently. 

11. The complications increase morbidity but are usually amenable to treat- 


ment and an acceptable end result is to be expected. 
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THE HEMODYNAMIC EFFECTS OF LARGE ATRIAL 
SEPTAL DEFECTS 


AN EXPERIMENTAL STUDY 


Donavp E. Bowes, M.D.,* Joun W. Kirkuin, M.D.,** 
H. J. C. Swan, M.B., Po.D.*** 
RocuHester, MINN. 


N THE experimental surgical production of atrial septal defects the making of 
large defects and the spontaneous narrowing of small defects have been serious 
problems. As a result it has been difficult to study the effects of defects com- 
parable in size to human atrial septal defects over any significant period of 
time. Spontaneous closure and marked narrowing of small defects were re- 
ported by Martin and Essex,! Little and associates,? Dodrill,? Leeds,* and Swan 
and associates.® 

Permanent atrial septal defects were produced by Hanlon and Blalock,® 
the diameter of the resulting interatrial communications averaging 1.0 to 1.5 
em., and were localized to the superior and posterior part of the septum. 
Interatrial communications were also created by Kiriluk and associates,’ and 
Moore and Shumacker.* The defects produced by the latter group had a mean 
diameter of 1.7 em. Both groups of investigators stressed the importance of 
complete excision of the interatrial septum in order to achieve permanent de- 
feets. Using the atrial well technique of Gross and associates,® permanent atrial 
septal defects have been achieved by Gross and associates,” 7° Donald and 
associates, and Silver and associates.'? The majority of these studies were 
concerned with the techniques for the production and closure of atrial septal 
defects. Little and associates® studied the difference in atrial pressures. While 
certain of these investigators described hemodynamies, no -data are available 
to determine the changes produced over a period of time by persistent 
interatrial communications. 

This study reports a modification of previous techniques whereby large 
permanent atrial septal defects were produced in dogs and describes the 
hemodynamic effects of such lesions at intervals of one week to one year after 
operations. 


METHODS 


Surgical—Mongrel dogs weighing 17 to 32 Kg. were anesthetized with sodium pento- 
barbital (25 mg./Kg.), and thoracotomy was performed through the fourth or fifth interspace. 


Abridgment of thesis submitted by Dr. Bowes to the Faculty of the Graduate School 
of the University of Minnesota in partial fulfillment of the requirements for the degree of 
Master of Science in Surgery. 

The Mayo Foundation, Rochester, Minn., is a part of the Graduate School of the Uni- 
versity of Minnesota. 

Received for publication Feb. 24, 1956. 
*Fellow in Surgery, Mayo Foundation, Rochester, Minn. 
**Section of Surgery, Mayo Clinic and Mayo Foundation, Rochester, Minn. 
***Section of Physiology, Mayo Clinic and Mayo Foundation, Rochester, Minn. 


350 


cme ° HEMODYNAMICS OF ATRIAL SEPTAL DEFECTS 351 
umber 


Access to the interior of the right atrium was made possible by the atrial well technique 
of Gross and associates.29 An opening was made into the left atrium by thrusting the point 
of the dissecting scissors through the fossa ovalis. Using the septal punch designed by 
Griffin and Essex,13 the interatrial septum was then completely excised. 

The technique for enlargement of the defect is based on the anatomic relation of 
the ventral wall of the right superior pulmonary vein to the dorsal wall of the right 
atrium. As illustrated diagrammatically in Fig. 1, these structures are adherent and 
merge with the posterior part of the interatrial septum. The right superior pulmonary 
vein lies immediately dorsal to a very thick muscular horizontal ridge of tissue on the 
dorsal wall of the right atrium. This prominent ridge lying between the caval orifices is 
termed the intervenous crest14 (crista interveniens or tubercle of Lower),15 and its 
inferior crescent-shaped border, which deepens the fossa ovalis, is known as the superior 
limbus of the fossa ovalis. In the dog, the intervenous crest is a much more prominent 


SUCCESSIVE STEPS IN CREATION OF ATRIAL SEPTAL DEFECT 
DIAGRAMMATIC TRANSVERSE SECTION 


I 


Superior Posterior 


LA 


Atrial ne 


Septum 
Anterior 


EXCISION OF EXCISION OF 
ATRIAL SEPTUM ROOF OF RIGHT 
SUP. PULM. VEIN 


Fig. 1.—Diagrammatic transverse section through the atria at the level of the intervenous 
crest in the canine heart. The right and left atria are designated RA and LA, respectively. 


Panel I represents the undisturbed heart. The thickened posterior margin of the right 
atrium which is part of the ventral wall of the right superior pulmonary vein represents the 
intervenous crest, which merges with the interatrial septum itself. 


Panel II. The interatrial septum has been removed to produce an atrial septal defect. 


Panel III. Excision of the intervenous crest and the ventral wall of the right superior 
pulmonary vein has resulted in a much larger defect. Note also that the uninjured dorsal 
wall of the right superior pulmonary vein is now the posterior margin of the defect. 


structure than that which is seen in the human heart. Excision of the intervenous crest 
and the ventral wall of the right superior pulmonary vein results in the orifice of the 
pulmonary vein being located at the posterolateral margin of the right atrium; and the 
tributaries of this vein, draining the apical and cardiac lobes of the right lung, then 
empty into the right atrium at its posterolateral margin. The limiting margin of the 
atrial septal defect so created is composed of the cut edge of the interatrial septum 
superiorly, ventrally, and inferiorly, and the left atrial orifice of the right superior 
pulmonary vein, dorsally. This uninjured dorsal rim would not be likely to sear and 
hence such a defect would be less likely to undergo reduction in size than defects which 
were the result of excision of the atrial septum alone. 

Hemodynamic Studies—A minimal period of one week was allowed for the animals 
to recover following production of the defect. Cardiac catheterization was carried out 
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with each animal under pentobarbital anesthesia. An endotracheal tube with an in- 
flatable cuff was passed into the trachea. Intracardiac and arterial pressures were 
recorded by means of strain gauge manometers.16 The zero reference for pressure measure- 
ment was a point halfway between the sternum and the table top with the animal supine. 
The oxygen saturation of the blood samples drawn from the chambers of the heart and 
great vessels was determined by photometric1!7 and manometric methods.18 

In each instance the sequence of the study was as follows: With the animal breath- 
ing air, the catheter was introduced via the jugular vein into the inferior vena cava, 
and blood samples were drawn through an oximeter from this position and, immediately 
following, from the right atrium and superior vena cava. Pressures were then measured 
in the right ventricle, pulmonary artery, pulmonary artery wedge, pulmonary vein, and 
pulmonary vein wedge positions. The endotracheal tube was then connected to a record- 
ing spirometer containing 100 per cent oxygen and providing for absorption of carbon 
dioxide on the expiratory airway. The oxygen consumption of the animal was recorded 
by means of this apparatus and, during the period of this measurement, blood samples 
were drawn from the femoral and pulmonary arteries, The catheter was then withdrawn 
from the pulmonary artery and advanced to the inferior vena cava. Blood samples were 
drawn through the cuvette oximeter from this location, following which the catheter was 
removed to the superior vena cava and a second sample was drawn from this site. The 
oxygen content of mixed venous blood (Cy.y.s.0,)* ¢an be expressed as 


Cy.v.8.0, = 


28 (ive) S(sve) (Cav); 


where S(ive) and S(sve) refer to oxygen saturation of inferior and superior caval blood, 
respectively, and Cy, is the oxygen capacity in cubic centimeters per liter of blood. The 
oxygen content and capacity (Cy,) of the blood samples drawn from the femoral and from 
the pulmonary artery were determined by the method of Van Slyke and Neill!8 with the 
modification for oxygen capacity of Sendroy.20 Pulmonary (Q,) and systemic (Q,) flows 
were determined according to the equations: 


Q, = 


Cp.v.0, Cp.4.0, 


Qa. = 


Cs.a.0, Cy.v.B.0, 


In these equations Cp.y.o, = oxygen content of pulmonary vein blood (e.¢./L.). 
Cp.4.0, = oxygen content of pulmonary artery blood (c¢.c./L.). 

Cs.4.0, = oxygen content of femoral artery blood (e.c./L). 

Cy.v..0, = oxygen content of mixed venous blood (c.¢./L.). 


Assuming that the data of Wood and Cronin,21 concerning the quantity of oxygen 
carried in physical solution when human subjects breathed 100 per cent oxygen, are 
applicable to the dog, the oxygen content of blood in the pulmonary vein was determined 
by adding 1.8 volumes per 100 ¢.c. of blood to the oxygen capacity of femoral artery 
blood. A right-to-left shunt was considered present if the difference between oxygen 
content and capacity of femoral artery blood was less than 1.6 volume per 100 e.c. of 
blood. 

On a number of occasions the determination of values for oxygen content and oxygen 
capacity was unsatisfactory either because the oxygen capacity of samples of blood drawn 
simultaneously from the pulmonary artery and the femoral artery differed in a random 
fashion by a value greater than 0.4 volumes of oxygen per 100 ¢.c. of blood or because 
the oxygen content of femoral artery blood exceeded the oxygen capacity of femoral 
artery blood by more than 2.2 volumes of oxygen per 100 cc. of blood. Under such 
circumstances the values were discarded and the studies were repeated. 


*The symbols used are adapted from those recommended by Pappenheimer and associates.” 
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Indicator dilution curves22 were recorded by a cuvette oximeter through which the 
femoral artery blood was permitted to flow following injection of T-1824 (Evans blue 
dye) into the chambers of the heart and great vessels. Such curves, which will be re- 
ported in a separate study, indicated the presence of a right-to-left shunt in many instances. 


RESULTS 


Technical Success——The procedure was successfully completed in 12 of 16 
animals that underwent operation. One animal died on the fifth postoperative 
day from acute left heart failure due to mitral regurgitation, the anterior 
leaflet of the mitral valve having been damaged at operation. The remaining 
11 animals had an uneventful postoperative period. None appeared in- 
capacitated in any way. When the animals were anesthetized prior to cardiae 
catheterization, a moderately loud systolic murmur was heard in the pulmonic 
area in about one-half of them. This was probably associated with the tachy- 
cardia and quiet respiration accompanying pentobarbital anesthesia. One 
animal (No. 12) developed ventricular fibrillation at the start of the cardiac 
catheterization procedure and died before data were obtained. Of the 11 
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Fig. 2.—Relation of veins from the right lung and other structures to a surgically created 
atrial septal defect in a dog (No. 5) killed one year after production of the defect. Probes 
placed in the veins draining the apical and cardiac lobes of the right lung enter the lateral 
portion of the right atrium. A probe in the diaphragmatic lobe of the right lung can be 
seen in the left atrium through the atrial septal defect. The prominent intervenous crest 
(crista divisens) has been completely removed. In the right panel the diameters of the 
defect are indicated by the arrows A and B (see Table I) while the length of the excised 
ventral wall of the pulmonary vein is indicated by the arrow 


animals examined at necropsy to date all but one (No. 7) had large septal 
defects and anatomic connection of the right superior pulmonary vein to the 
right atrium. A typical example of the anatomic findings is illustrated in Fig. 
2. Estimates at operation indicated that comparable defects were made in all 
animals except one (No. 7). This animal had a small atrial septal defect which 
measured 0.8 by 1.0 em. This was due to incomplete excision of the right 
superior pulmonary vein area because of operative hemorrhage. Small defects 
are likely to occur when the septum is not completely excised and are most 
likely to be reduced further in size by hypertrophic scarring. 
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TABLE I, DATA CONCERNING 16 Dogs WITH LARGE ATRIAL SEPTAL DEFECTS 


KILLED OR 
| WEIGHT DIED, WEEKS | DIMENSIONS OF ATRIAL SEPTAL DEFECTS, cM.* 
ANIMAL (KG.) POSTOPERATIVE A | B o 
Animals Catheterized 

1 17.8 52 A 1.3 1.5 
2 24.5 52 2.0 1.8 1.5 
3 19.0 6 1.6 1.6 1.5 
4 25.0 12 2.2 2.2 1.2 
5 19.7 51 1.8 1.8 1.8 
6 16.0 19 1.5 gs 1.5 
7 17.0 6 0.8 1.0 = 
8 24.5 44 1.0 1.4 a | 
9 32.0 44 2.6 2.0 1.0 

10 21.7 Still alive 

Animals Surviving Operation But Not Studied 
11 20.0 1 3.0 i 1.0 
12 19.0 3 2.0 aly 1.5 
Animals Failing to Survive Operation 
13 18.5 During opera- 3.0 3.0 1.5 
tion 

14 20.0 Less than 24 3.0 3.0 1.5 
15 19.8 hrs, after 2.5 2.5 1.5 
16 18.5 if operation 2.5 2.0 1.0 


*See Fig. 2 for representation of A, B, and C. A is the vertical (cephalocaudal) and 
B is the horizontal (dorsoventral) dimension. C is a measurement of the longitudinal axis 
of the exposed floor of the right superior pulmonary vein and represents the lateral distance 
pi the location of the atrial septal defect to the point at which the vein enters the right 
atrium. 


Measurements of the atrial septal defect proper and the floor of the right 
superior pulmonary vein are given in Table I. The difference between the 
animals that failed to survive the operation and the remainder suggested the 
possibility that the defects decreased in size in the first four weeks following 
operation. 


Hemodynamic Effects.— 

Demonstration of arterialization in right atrium: By means of a cuvette 
oximeter,’7 an instrument of high relative accuracy, the oxygen saturation of 
samples of blood drawn in rapid succession from the inferior vena cava, right 
atrium, and superior vena cava could be determined. With this sampling tech- 
nique it was demonstrated that the oxygen saturation of blood in the right 
atrium exceeded that of mixed venous blood in 13 of 14 animals studied. The 
average values for oxygen saturation of blood from the inferior vena cava, 
superior vena cava, and right atrium were 74, 84, and 89 per cent, respec- 
tively, while the animals breathed room air, and 92, 96, and 96 per cent, 
respectively, while the animals spontaneously breathed pure. oxygen. 


Pressures: The values for intracardiac and intravascular pressures in 
each animal are given in Table II. For comparison, the average values for a 
group of normal animals studied by the same techniques and under similar 
conditions were assembled. The majority of the animals in the atrial septal 
defect group had elevated pressures at the first postoperative catheterization. 
Six of the animals were found to have right ventricular systolic pressures 
greater than the range found in normal dogs. In 4 of the animals the pres- 
sure was within the range of normal. However, 3 of these animals at three 
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months following operation were found to have an elevation of pressure above 
the value observed at three weeks and above the range obtained in the normal 
dogs. 


TABLE II, INTRACARDIAC AND INTRAVASCULAR PRESSURES (MM. Hg) RECORDED IN 10 Dogs 
STUDIED 1 TO 6 WEEKS FOLLOWING CREATION OF LARGE ATRIAL SEPTAL DEFECTS 


WEEKS POST- RIGHT | RIGHT | PULMONARY ARTERY | 

ANIMAL OPERATIVE ATRIUM VENTRICLE | MAIN | WEDGE | FEMORAL 

1 2 6/2 28/2 27/13 9/6 190/110 
2 2 5/3 32/-1 28/12 12/8 195/130 
3 1 10/2 33/0 24/13 13/9 200/135 
4 2 5/-1 53/1 40/15 6/3 230/175 
5 2 tft 47/6 38/15 18/13 190/150 
6 2 11/3 49/3 38/15 13/8 180/130 
rj 6 7/1 36/0 32/14 11/7 190/135 
8 2 6/-1 27/-1 24/5 10/4 190/135 
9 2 . ofa 40/2 37/9 12/10 170/125 

10 3 9/2 47/6 41/20 26/22 185/130 
Average 2.4 7/1 39/2 33/13 13/9 190/135 
13 Normal Average 3/-1 27/-1 26/10 7/4 180/125 

dogs Range 07-6 237-3 2076 27-4 160/92 

to to to to to 

6/-1 34/2 35/20 11/8 235/175 


It will be noted that the average systolic pressure in the main pulmonary 
artery was less than the average systolic pressure in the right ventricle in all 
the animals. This gradient of pressure, which averaged 6 mm. Hg and ranged 
from 1 to 13 mm. Hg, was found between the pulmonary artery and right 
ventricle in the experimental group, whereas on the average, no significant 
gradient was found in the normal group. One of the normal dogs had a 
gradient of 6 mm, Hg. 

In Fig. 3, a photographie record obtained during withdrawal of the 
cardiac catheter from the main pulmonary artery to the right ventricle, the 
abrupt increase in pressure, which amounted to 11 mm. Hg, is clearly demon- 
strated as the catheter passed across the pulmonary valve. In other instances 
the systolic pressure in the right ventricular outflow tract equaled the 
systolic pressure in the main pulmonary artery, but an inerease in pressure 
appeared to oceur when the catheter was withdrawn to the mid-right ventricle 
or when the tip lay just within the tricuspid valve. The highest right ven- 
tricular pressures were usually recorded in this area. The right ventricular 
diastolic pressure was normal. 

The pulmonary artery wedge pressure was slightly greater than the right 
atrial pressure. The average value (25/16 mm. Hg) for pulmonary vein 
wedge pressure (obtained from the right apical and cardiae lobe veins because 
of their accessibility to a cardiae catheter) was significantly less than the pul- 
monary artery pressure (33/13 mm. Hg). 

In the 5 animals in which comparative data were obtained at three 
months (Table III), an inerease in the average pressure values was found. 
This increase was principally due to the change in 3 animals in which the 
values obtained on the first study were within normal limits. The absolute 
values obtained for this group at three months did not differ significantly 
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PRESSURE RECORDINGS OBTAINED DURING WITHDRAWAL OF | 
CARDIAC CATHETER FROM PULMONARY TRUNK TO 


OUTFLOW TRACT OF RIGHT VENTRICLE 
(Dog —16.5 Kg., Atrial Septal Defect) 


| 
| 1804] Win Wh Win 
i 100 = 50 
2 | | | 
NN VAN! | 40 
4 | | | 
TRUNK RIGHT VENTRICLE 
| Sec.) 
Fig. 3.—Photographic record of simultaneous pressures in the femoral artery, pulmonary 
artery, and superior vena cava. A cardiac catheter located just above the pulmonary valve 


was withdrawn under fluoroscopic control at the signal on the base line until it lay just 
below the pulmonary valve. Note the abrupt change in the systolic pressure as the catheter 
entered the right ventricle, in the absence of any change in heart rhythm or femoral artery 


blood pressure. 

from the values obtained at the first study in the majority of the animals. 
There was no further change in the average values of the pressure in the 
animals studied ten to twelve months postoperatively (Table IIT). 


TABLE IIT. CHANGE IN AVERAGE INTRACARDIAC AND INTRAVASCULAR SYSTOLIC PRESSURES IN 
ANIMALS STUDIED 3 MONTHS AND 10-12 MontTHS POSTOPERATIVELY 


RIGHT RIGHT PULMONARY ARTERY 

NUMBER | ATRIUM | VENTRICLE MAIN WEDGE FEMORAL 
OF | MM. | | MM. | MM. MM. MM. 

ANIMALS Hg % Hg % Hg % Hg % Hg % 

At 3 Months 
5* +3 43 +7 ie +8 23 0 0 +5 2 
At 10-12 Months 
5t +1 14 +10 24 +8 23 -1 -9 +7 3 


*Animals 1, 2, 4, 5, and 6. 
fAnimals 1, 2, 5, 8, and 9. 


Pulmonary flow, systemic flow, and intracardiac shunts: The values for 
pulmonary and systemic flow, and magnitude of intracardiac shunts for the 
group of 9 animals studied while breathing 100 per cent oxygen one to three 
weeks following operation are given in Table LV. The average value of pul- 
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TABLE IV. PULMONARY AND SYSTEMIC FLOW VALUES AND MAGNITUDE OF INTRACARDIAC 
SHUNTS IN 9 ANIMALS BREATHING 100 PER CENT OxYGEN STUDIED 1 TO 3 WEEKS 
FOLLOWING PRODUCTION OF THE ATRIAL SEPTAL DEFECT* 


LITERS PER MINUTE | SHUNTS, % 
ANIMAL | PULMONARY FLOW | SYSTEMIC FLOW | LOR | R= L 
1 6.5 4.1 54 27 
2 6.2 6.9 39 45 
3 4.2 5.2 12 29 
4 16.3 4.2 74 0 
5 7.0 4.5 44 13 
6 6.8 3.0 56 0 
8 4.4 4.4 0 0 
9 3.6 ao, 3 10 
10 7.2 6.3 40 32 
Average 6.9 4.7 36 17 


*Average value for cardiac output in 13 normal dogs of comparable ee (20.0 Keg.), 
breathing 100 per cent oxygen, was 3.2 L. per minute (range 1.8 to 4.4 L./min.) 
monary flow was considerably elevated and the systemic flow was moderately 
elevated above the average for a group of normal dogs. The values showed 
a wide variability. In most instances the pulmonary flow was much greater 
than the systemic flow, indicating the presence of a left-to-right shunt, but 
right-to-left shunts were also calculated in many of the animals. The average 
left-to-right shunt was 36 per cent of pulmonary flow, and the average right- 
to-left shunt was 17 per cent of systemic flow. 

While the animals were breathing 100 per cent oxygen from the recording 
spirometer, it was noted that large fluctuations in intracardiae pressure oc- 
curred, indicating a considerable variation in intrapleural pressure with 
respiration. Since this circumstance might well alter the magnitude and 
direction of intraeardiae shunts, further calculations were undertaken. Uti- 
lizing the value for oxygen consumption obtained while the animals breathed 
100 per cent oxygen and the values for oxygen saturation of the blood from 
the pulmonary and femoral arteries and the mixed venous blood while the 
animals were breathing air, estimates of pulmonary and systemic flows were 
made. Under this circumstance the pulmonary flow averaged 7.6 L. per minute 
and the systemic flow 3.0 L. per minute, and the magnitude of left-to-right 
and right-to-left shunts was 51 and 6 per cent, respectively. It would seem 
that these values might better represent the more usual dynamic situation 
TABLE V. AVERAGE CHANGE IN FLOW VALUES AND INTRACARDIAC SHUNTS FROM 10 STUDIES AT 


3 AND 10-12 MoNnTHS FOLLOWING CREATION OF ATRIAL SEPTAL DEFECT. EXPRESSED 
IN ABSOLUTE VALUES AND PERCENTAGE OF CHANGE 


BREATHING OXYGEN BREATHING AIR 
PULMONARY | SYSTEMIC SHUNT, % SHUNT, % 
NUMBER FLOW FLOW LR L LOR > L 
OF MM. MM, MM. MM. MM. MM. 
ANIMALS Hg % Hg % Hg % Hg % Hg % Hg % 
At 3 Months 
5* +0.3 4 -0.1 2 ad 7 -3 17 -10 21 +8 100 
At 10-12 Months 
St +2.1 38 +1.3 31 +8 28 -10 52 -10 22 +1 12 


*Animals 1, 2, 4, 5, and 6. 
yAnimals 1, 2, 5, 8, and 9. 
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than the figures given in Table IV. Similar estimates on the change in flow 
values showed a fall of 10 per cent in the magnitude of left-to-right shunt at 
three months, which was persistent at twelve months (Table V). 


COMMENT 


When the techniques described in this paper were followed, satisfactory 
defects were produced which persisted in every animal. It is likely that some 
postoperative narrowing of these defects occurred, for the dimensions of the 
defects in animals which failed to survive the operation were greater than the 
dimensions of the defects in animals killed at intervals following operation. 
In all but one of the animals (No. 7) exactly the same surgical technique was 
used, so that it is likely that the difference between these two groups is the 
result of narrowing of the defect. 

The preparation obtained cannot be regarded as simply an atrial septal 
defect, for the veins of the apical and eardiae lobes of the right lung now con- 
nect directly with the posterolateral margin of the right atrium proper. This 
does not invalidate considerations of the effects of such a defect relative to 
those of atrial septal defect seen in the human being.** Clinical cases of 
atrial septal defect have been seen in which a similar anomaly was found at 
operation. Furthermore, in the more usual type of atrial septal defect seen 
in the human patient, a greater proportion of blood from the right lung than 
from the left lung is shunted left to right.24 The experimental preparation 
just deseribed results in an anomaly the dynamic features of which closely 
simulate those in many eases of human atrial septal defect. 

As indicated in an earlier section of this paper, an increased airway resist- 
ance produced by the recording spirometer for the measurement of oxygen 
uptake was considered likely. Calculation of the proportion of the left-to-right 
shunt while the animals breathed air indicated that the shunt was greater 
under this cireumstanee than while the animals breathed oxygen. This find- 
ing is contrary to observations made in many human patients in which oxygen 
has never been found to decrease the magnitude of the left-to-right shunt but 
usually causes a considerable increase. The data indicated that there is no pro- 
gressive increase in the magnitude of the left-to-right shunt in the months 
following creation of the defect. 

All the intracardiac pressures showed a moderate increase, which was 
usually present on the first study but was oceasionally not seen until three 
months had elapsed. No further change in pressure appeared’ to occur beyond 
this time. As in human subjects with atrial septal defects, a difference in pres- 
sures has been frequently noted between the main pulmonary artery and the 
chamber of the right ventricle. In most instances this gradient of systolic pres- 
sure was noted when the catheter tip was moved from the outflow tract of the 
right ventricle to the region just within the tricuspid valve. In a few instances 
the pressure change occurred at the pulmonary valve itself. This variation 
in systolic pressure within the right ventricle has also been described in dogs 
with ventricular septal defect by King and associates*’ with findings similar 


i 


i HEMODYNAMICS OF ATRIAL SEPTAL DEFECTS 359 
to those just described. This gradient has also been found in eases of atrial 
septal defect in the human being”® and is thought to be related to an increase in 
the volume of pulmonary flow. 

The pulmonary artery wedge pressure exceeded the right atrial pressure 
in all instances. Although in certain comparisons there was a close agreement 
in the values obtained, there were large discrepancies in others. These find- 
ings are in agreement with those of Haddy and associates*’ in the dog and 
differ from those of Connolly, Kirklin, and Wood,?* who demonstrated sub- 
stantial agreement between pulmonary artery wedge and right atrial pres- 
sures in human patients. Furthermore, in the present study, agreement was 
not found between the pulmonary vein wedge pressure and the pulmonary artery 
pressure. 

SUMMARY 


1. Large permanent atrial septal defects were produced in dogs by excision 
of the ventral wall of the right superior pulmonary vein and the adherent 
dorsal wall of the right atrium in addition to complete removal of the inter- 
atrial septum. 

2. Intravascular and intracardiac pressures were elevated soon after pro- 
duction of the defect and showed no further change beyond three months 
postoperatively. 

3. A gradient of pressure was found between the pulmonary artery and 
the right ventricle. 


4. High pulmonary flow values, moderately large left-to-right shunts and 
small right-to-left shunts were demonstrated. No progressive inerease in 
magnitude of left-to-right shunt or in the pulmonary artery pressure oc- 
curred in the months following creation of the defect. 
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WAR WOUNDS OF THE HEART 
Report or Two Patients WitH UNusuAL FEATURES 


FRANK ©. Spencer, M.D., anp JoHN H. KENNeEDy, M.D. 
BautrmoreE, Mp. 


INTRODUCTION 


Pye een vests worn by combat personnel in the Korean War were highly 
effective in preventing injury from low velocity missiles. The 2 patients 
discussed in this report had the only cardiac wounds seen. in an unselected 
group of 2,000 battle casualties treated at a forward surgical hospital in Korea. 
Both patients were Koreans, and were not wearing armored vests. One patient 
was a problem in the diagnosis and treatment of acute cardiac tamponade, 
cardiac hemorrhage, cardiae arrest, and embolization of an intracardiae foreign 
body to a peripheral artery. The other patient had a cardiae tamponade from 
wounds of both ventricles. 


The largest series of cardiac injuries in World War II was reported 
by Samson,' who deseribed experiences with 57 eardiae and 18 pericardial 


wounds. The cardiac injuries included 26 myocardial contusions, 10 lacerations, 
19 perforations, and 2 wounds associated with embolization of the missile. 
The symptoms in most eases were those of shock. Cardiae tamponade was 
present in only 5 patients. Chest roentgenograms often did not show a small 
intracardiac foreign body because of the density of the heart shadow. A 
diagnosis of a cardiac wound was not made in 15 of the 57 patients before 
autopsy. Many of the cardiac wounds in the other 47 patients were first 
recognized during a thoracotomy performed because of the associated chest 
injury. <A total of 29 cases of myocardial lacerations and perforations were 
found at thoracotomy. Sixteen of these wounds were sutured, but 11 did not 
require any sutures; 2 patients died of uncontrollable hemorrhage. The prog- 
nosis was most closely related to the extent of the myocardial contusion. 
Twenty deaths occurred in the 57 patients with cardiac wounds; 11 of these 
were from the extent of the myocardial injury, 4 from hemorrhage, and 2 
from tamponade. The prognosis after the first postoperative day was favorable, 
for only 3 of the 20 deaths occurred after this time. Hillsman? reported 2 
survivors in a group of 4 patients with cardiac wounds in whom a myocardial 
laceration was sutured. Shock was present in each patient, but tamponade was 
not observed. 

Cardiae wounds in civilian practice have been reported by several authors. 
The largest groups of patients reported are tabulated in Table I. The injuries 
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were usually stab wounds from a knife or an ice pick. The right ventricle 
was the cardiac chamber most frequently injured. Cardiac tamponade was 
often observed. The clinical picture of tamponade included distant heart 
sounds, inereased venous pressure, limited improvement from blood transfusions, 
and striking improvement from pericardial aspiration. The patients were 
often so restless and combative that physical restraints were required. Peri- 
cardial aspiration has been widely adopted as the definitive treatment for 
cardiac tamponade since it was popularized by Blalock and Ravitch in 1943.4 
The mortality among patients with cardiae wounds receiving surgical treatment 
has decreased from 50 to about 10 per cent in the past fifteen years, due princi- 
pally to the use of pericardial aspiration and blood transfusions and advances 
in anesthesia and chemotherapy. 


TABLE I. THE NUMBER OF HEART WOUNDS REPORTED BY DIFFERENT AUTHORS 


AUTHOR | YEAR OF REPORT | NUMBER OF PATIENTS 


Bigger’ 1940 
Nelson+ 1943 
Linders 1944 
Blaué 1945 
Griswold and Maguire? 1947 
Blalock and Ravitehs 1949 
Elkin and Campbell 1951 
Maynard, Cordice, and Naclerio1o 1952 
Cooley and associates!1 1955 
Carr and Farringer12 1955 
*A short report in 1954 described this series as having increased to 108 patients. 


CASE REPORTS 


CASE 1.—The patient, C. H. C., was a Korean marine, age 22, admitted from helicopter 
evacuation on April 14, 1953, one hour after injury by mortar fragments. The patient was 
very restless and required considerable physical restraint. A faint radial pulse was present, 
but no blood pressure could be obtained in either arm. Two irregular 1 em. wounds of 
the chest wall were present, one in the left anterior axillary line in the seventh interspace 
and the other in the left posterior axillary line in the ninth interspace. The neck veins were 
not prominent. Auscultation of the chest was difficult because of shouting by the patient, 
but good breath sounds could be heard over the anterior chest wall. The heart sounds could 
not be heard, but shouting, gasping, and rolling about by the patient prevented careful 
auscultation. The abdomen showed moderate distention with definite tenderness and rigidity 
in the left upper quadrant. 

A total of 2,500 ml. of type ‘‘O’’ blood was given in the first forty minutes after 
admission, but there was no improvement in the patient’s condition. An intra-arterial 
transfusion of 500 ml. of blood was then given in the femoral artery without any resulting 
benefit. Several observers noted that the abdominal distention had increased, The failure of 
the shock to respond to transfusions, the location of the wounds, and the increasing ab- 
dominal distention led to a diagnosis of massive intra-abdominal hemorrhage. Immediate 
laparotomy was decided upon because death seemed imminent. Roentgenograms were not 
made because of the patient’s restlessness and moribund condition. 

Anesthesia was begun by the intravenous injection of 0.6 mg. of atropine sulfate, 4 
mg. of Syncurine, and 200 mg. of Pentothal, following which an endotracheal tube was 
inserted and the patient maintained on oxygen by a semiclosed absorbing system. An 
additional 100 mg. of Pentothal was given during the operative procedure. The abdomen 
was hurriedly opened through an upper left rectus muscle-splitting incision. Much to the 
operator’s surprise there was no blood in the peritoneal cavity. There was marked dilatation 
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of the stomach, and the left leaf of the diaphragm was displaced downward by fluid in the 
left hemithorax. At this time only a few minutes had passed since the induction of 
anesthesia. The patient suddenly became deeply cyanotic, and palpation of the abdominal 
aorta showed an absence of pulsation. A diagnosis of cardiac arrest was made, and the left 
pleural cavity was entered through a separate incision in the fifth intercostal space. The 
heart was completely still. The left pleural cavity contained about one liter of blood. 
Cardiac massage was begun in less than 2 minutes after cardiac standstill was first recog- 
nized. A peripheral pulse was palpable during massage, and spontaneous heart beats began 
after 45 seconds of massage. A 1 em. pericardial laceration was present at the left cardiac 
border near the apex. The pericardium was opened anterior to the phrenic nerve, and 
about 150 ml. of tightly packed blood clots was removed. Vigorous bleeding from the left 
ventricle began and was partly controlled by digital pressure. There was an irregular 2 
by 1 em. perforating wound in the left posterolateral wall of the left ventricle near the 
apex. The myocardium adjacent to the perforation was not contused. 


Fig. 1.—Chest roentgenogram of Case 1. The mortar fragment in the right supra- 
clavicular area was subsequently proved to be in the right subclavian artery. Another mortar 
fragment is present at the periphery of the left lung field at the level of the tenth rib. 


The wound was repaired with several interrupted figure-of-eight sutures of medium 
silk, tied over a strip of Gelfoam. The perforation bled about one liter of blood while 
the sutures were being placed. The cardiac action was forceful during the remainder of 
the operative procedure, and the systolic blood pressure remained near 100 mm. Hg. The 
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lower lobe of the lung was diffusely hemorrhagic, but no laceration was identified. No 
other wound of the heart could be found. The pericardium was partly closed, and the chest 
wall closed in layers with interrupted silk sutures. The pleural cavity was drained with 
tubes placed through intercostal stab wounds. The abdominal incision was closed with a 
single row of interrupted figure-of-eight steel wire sutures. The missile wounds in the chest 
wall were débrided and packed loosely with gauze. Two thousand milliliters of blood were 
given during the operation, which lasted two hours. 

The postoperative treatment included the administration of penicillin, streptomycin, 
and tetanus toxoid, and bed rest. The patient was awake two hours after operation and 
showed no abnormal neurologic signs. A chest roentgenogram the next day showed complete 
expansion of the lungs and two 1.5 cm. metallic foreign bodies. One was located at the 
periphery of the right lung field at the level of the second rib posteriorly, and the other 
was in the periphery of the left lung field at the level of the tenth rib. The chest roent- 
genogram is reproduced in Fig. 1. No pulse or blood pressure could be obtained in the 
right arm, but there was no evidence of circulatory insufficiency. The urinary output was 
normal, 

The patient had a persistent fever in the early postoperative course, with daily ele- 
vations of 102° to 104° F, Daily red blood cell counts showed a progressive decrease from 
5.7 million cells per cubic millimeter on the first postoperative day to 2.7 million on the 
fifth postoperative day, at which time the hematocrit was 27 per cent. The white blood cell 
counts were 13,000 to 16,000 cells per cubic millimeter. Blood transfusions of 500 ml. 
each were given on the sixth and seventh postoperative days. The fever, anemia, absent 
right radial pulse, and location of the foreign body in the right supraclavicular area led 
to a diagnosis of foreign body embolism from the left ventricle to the right subclavian artery, 
with a secondary septic endarteritis. No blood cultures were obtained because of the absence 
of bacteriologic equipment. Penicillin therapy was increased to one million units intra- 
muscularly every 3 hours on the twelfth postoperative day, and the patient beeame afebrile 
four days later. The surgical incisions healed well, and the missile wounds healed following 
secondary suture. Electrocardiograms in the early postoperative course were interpreted 
as showing an area of injury in the left ventricle. Electrocardiograms taken several weeks 
after injury showed almost complete disappearance of the abnormalities seen earlier. 

The patient was evacuated to a hospital ship on the eighteenth postoperative day. The 
missile was removed from the subclavian artery on the twenty-second postoperative day, 
at which time it was found surrounded by a 3 by 2 em. inflammatory mass containing 
purulent fluid. The subclavian artery was ligated. A chest roentgenogram one month 
following injury showed a normal cardiac shadow. The patient was asymptomatic ten 
weeks after injury and had a normal exercise tolerance. There were no cardiac murmurs. 
The right radial pulse was absent, but there were no signs of circulatory insufficiency. 


Case 2.—The patient, C. K. Y., was a Korean marine, age 25, admitted from helicopter 
evacuation on April 27, 1953, ninety minutes after receiving multiple wounds from the 
explosion of a land mine. The patient was restless but rational. The radial pulse was 
barely palpable; no blood pressure could be obtained. There were two irregular 1 cm. 
wounds in the anterior chest wall, one in the midline over the upper sternum and the other 
in the fourth interspace at the left sternal border. The neck veins were greatly engorged 
when the patient was in the recumbent position. The breath sounds were decreased over 
the left chest; the heart sounds could not be heard. There were small wounds on both arms, 
both legs, and the left foot. A total of 3,000 ml. of type ‘‘O’’ blood was given in forty 
minutes wtihout any rise in blood pressure. A thoracentesis in the left chest did not 
produce any air or fiuid. A chest roentgenogram showed an enlarged, globular cardiac 
shadow with two irregular metallic foreign bodies, each about 4 mm. in diameter, within 
the cardiac shadow. Pericardial aspiration in the left fifth interspace removed 40 ml. of 
blood. There was an immediate rise in blood pressure to 90/60 mm. Hg, and a definite 
improvement in the patient’s general condition. He was then taken to the operating room 
for thoracotomy. 
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Anesthesia was begun with Pentothal and succinylcholine, and maintained with ether 
and nitrous oxide. The left chest was opened through an incision in the fifth interspace 
anteriorly. There was a total of about 500 ml. of blood in the pleural cavity. The 
pericardium was distended with blood. Two small lacerations on the anterior surface 
of the pericardium were sealed by blood clots. The pericardium was opened, and about 
200 ml. of tightly packed blood clots removed. Two myocardial lacerations were present, 
each about 1 cm. in diameter. One was in the anterior wall of the right ventricle, and 
the other in the wall of the left ventricle near the apex. The right ventricular wound 
was bleeding slowly. The left ventricular wound spurted blood with each systolic con- 
traction, Each wound was repaired with interrupted sutures of medium silk tied over a 
strip of Gelfoam. The pericardium was partly closed, and the chest wall was closed in 


Fig. 2.—Chest roentgenogram of Case 2, posteroanterior view. Two small mortar fragments 
are barely visible within the cardiac shadow. 


layers with interrupted silk sutures. An intercostal drainage catheter was placed posteriorly 
in the seventh interspace. The multiple small wounds of the extremities were débrided 
and packed with gauze. The patient received 1,500 ml. of blood during the operation. 
At the end of the operation the blood pressure was 100/60 mm. Hg. 


The patient had an uneventful postoperative course. Chemotherapy included penicillin, 
streptomycin, and tetanus toxoid. A low grade fever subsided by the tenth postoperative 
day. The urinary output was normal. An electrocardiogram on the second postoperative 
day was interpreted as showing evidence of diffuse myocardial injury. Subsequent eleectro- 
cardiograms showed a gradual return to normal. The foreign bodies were localized by 
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fluoroscopy in the region of the left auricle and the ventricle. The chest roentgenograms are 
reproduced in Figs. 2 and 3. Surgical removal of the foreign bodies was not felt to be 
indicated. A Grade 2 harsh systolic murmur was heard over the base of the heart in the 
early postoperative period. The murmur gradually decreased in intensity and disappeared 
after the sixth postoperative week. The patient was asymptomatic when last seen ten weeks 
after injury. 


Fig. 3.—Chest roentgenogram of Case 2, lateral view. The 2 small «mortar fragments are 
visible in the region of the left auricle and left ventricle. 


DISCUSSION 


A striking feature in each patient was the extreme restlessness in the 
presence of severe shock. Such restlessness was seldom seen in patients in 
shock from other causes. A possible explanation for the restlessness could 
be that the cerebral anoxia is more severe in shock from cardiac tamponade 
than in shock from other causes. The combination of arterial hypotension and 
venous hypertension may decrease cerebral blood flow more than just arterial 
hypotension alone. Another noteworthy feature in both cases was the failure 
of shock to respond to the rapid intravenous administration of blood. These 
two observations in a person with a chest wound should suggest acute cardiac 
tamponade. The diagnosis can be confirmed by pericardial aspiration. The 
error in diagnosis in Case 1 was caused by the location of the wounds which 
suggested a perforating thoracico-abdominal wound, the abdominal distention 
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and rigidity, and the patient’s restlessness and shouting which made auscul- 
tation of the chest difficult. Pericardial aspiration was of immediate diag- 
nostie and therapeutic benefit in Case 2, and would probably have been similarly 
useful in Case 1. Repeated pericardial aspirations might have avoided a 
thoracotomy in Case 2, although the left ventricular wound was actively 
bleeding when exposed at thoracotomy. 

Pericardial aspiration has been very successful in the nonoperative treat- 
ment of heart wounds seen in civilian practice. Following the use of this 
method of therapy by Blalock and Ravitch,'* * good results have been obtained 
by aspiration in large groups of eases by Elkin,® Carr,’? and Cooley," and their 
associates, and Griswold and Drye.’* Naclerio and co-workers’ have contir.ued 
to treat all cardiac wounds with immediate operation and suture of the myo- 
cardial laceration. 


Cardiac Arrest—The prompt appearance of cardiae contractions following 
cardiac massage in Case 1 may be attributed to the short time interval between 
the onset of cardiac arrest and the beginning of cardiae massage. Survival after 
cardiac arrest due to cardiac tamponade is rare. A patient reported by Loken'® 
died from neurologic injuries thirty days after resuscitation from cardiac 
arrest by cardiae massage. The cardiae arrest occurred during the induction 
of anesthesia. No other patient was found in the literature reviewed in whom 
cardiac activity was restored after cardiac tamponade had resulted in cardiae 
arrest. 


Migration of Missiles.—Intravascular migration of a foreign body is an 
infrequent occurrence. Reviews of the reported eases have been published by 
Movin,’® Harken and their associates,’* 1° Keeley,’*? Straus,?° and Decker.** 
These reviews contain a total of 21 patients in whom a foreign body entered 
the chest and embolized to a peripheral artery. Nine patients survived; 4 of 
the patients had an amputation performed because of gangrene in the involved 
extremity. Samson,’ Griswold and Maguire,??. and Dickinson?* each had one 
patient who is not ineluded in the above-mentioned reviews. The patients 
of Samson and Griswold are similar in that both patients had no symptoms 
from a bullet that had entered the chest and lodged in the region of the iliae 
artery; the bullets were not removed. Dickinson’s patient had the sudden 
onset of pain and paralysis in the left leg several months after recovery from 
a bullet wound of the chest. Full recovery followed removal of the bullet 
from the left external iliac artery. This patient is the only one in whom 
several months elapsed between injury and embolism of the missile. 

The addition of Case 1 in this report makes a total of 25 patients with 
thoracic injuries and subsequent embolization of the missile to a peripheral 
artery. Most of the missiles embolized to the arteries of the lower extremities. 
The missile lodged in the femoral artery in 11 patients, the iliae artery in 7, 
the abdominal aorta in 2, and the popliteal artery in one patient. The 3 
missiles embolizing to the upper extremity lodged in the innominate artery, 
the subelavian artery, and the axillary artery in one patient each: In the 
patients reviewed by Keeley,’’ the embolus was in the right iliae or femoral 
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artery in 2 patients whereas it was in the left femoral or iliae artery in 14 
patients. The predominance of left-sided embolization was attributed to the 
fact that the junction between the left iliac artery and aorta is a smaller angle 
than the junction between the right iliac artery and aorta. 

The missile was removed from the artery in all but 2 of the 13 patients 
who survived the injury. The usual indication for removal was circulatory 
insufficiency of the extremity. Amputations for gangrene were subsequently 
performed in 4 patients. The time interval between embolization and removal 
of the embolus was greater than seventeen hours in 3 of the 4 cases, and was 
not stated in the fourth ease. Case 1 in this report is the only patient in whom 
a septie endarteritis developed from the missile. 

The review by Harken and Williams’® includes patients with missiles 
migrating within the venous circulation. The route of embolism varied in 
different patients, but in a total of 9 patients the missile entered a large vein, 
embolized to the right ventricle, and remained in this location. 


Intracardiac Foreign Bodies—The removal of the 2 small foreign bodies 
in Case 2 was not considered necessary. Fluoroseopiec examination showed the 
missiles to have an intracardiac location, but fluoroscopic localization is subject 
to considerable error. One third of a large group of patients operated on by 
Harken** were found on surgical exploration to have the missiles in an extra- 
cardiac location, although preoperative fluoroscopy had indicated an intra- 
cardiac location. The clinical indications for removal of intracardiac foreign 
bodies have been discussed by Swan and his colleagues,*4 Harken,'* and Decker.”! 
Recurrent pericardial effusion or signs of infection have been the usual indi- 
cations for removal. The development of these complications from a foreign 
body may depend upon the development of infection, for experimental studies 
have shown that sterile foreign bodies are well tolerated in various locations 
in the heart.**?> Large foreign bodies are more commonly associated with an 
infection than small ones, perhaps because fragments of clothing often adhere 
to large foreign bodies. 

The surgical results from removal of foreign bodies have been good. Swan?* 
reported that a total of 27 patients have had excision of a foreign body from 
an intracardiac location, and over 150 patients have had missiles removed from 
areas adjacent to the heart.’*: 2° There has been no mortality in either group 
of patients. 


Prognosis—No limitation of eardiae function is expected in either patient 
reported. Myocardial failure has not been reported in follow-up studies of 
patients recovering from cardiac wounds. Pericardial adhesions have rarely 
caused any disability. A collected series of patients with constrictive peri- 
carditis appearing after recovery from cardiac wounds has been discussed 
recently by McKusick, Kay, and Isaacs.*” 


SUMMARY 


Two patients with penetrating wounds of the heart from mortar fragments 
are reported. These patients had the only cardiac injuries seen in an unselected 
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group of 2,000 battle casualties. This low incidence is attributed to the wearing 
of armored vests by combat personnel. Cardiac tamponade was present in 
each patient. A cardiac injury in one patient was recognized only after cardiac 
arrest terminated an emergency laparotomy begun because of an error in 
diagnosis. Cardiac function was restored by correction of the cardiac tamponade 
and cardiac massage. A 2 em. perforation in the wall of the left ventricle was 
then sutured. The mortar fragment embolized to the right subclavian artery 
and caused a septie endarteritis. A good result was obtained by removal of the 
foreign body and ligation of the subclavian artery. 

Twelve other patients were found in the surgical literature who survived 
a wound produced by a missile that entered the chest and subsequently embolized 
to a peripheral artery. Most of the missiles lodged in arteries of the lower 
extremities. Gangrene developed in the involved extremity in 4 patients. 
No patient was found in the surgical literature who survived eardiac arrest 
resulting from cardiac tamponade. 

The other patient had cardiac tamponade from lacerations of the right and 
left ventricles from two small mortar fragments. A good result was obtained 
by pericardial aspiration and subsequent suture of the myocardial lacerations. 
Removal of the intracardiac foreign bodies was not felt to be indicated. 
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LIPOMA OF THE BRONCHUS 
Report OF A CASE 


SEYMovurR OcHSNER, M.D., Francis E. LEJEUNE, M.D., ANp ALTON OcHSNER, M.D. 
New ORLEANS, La. 


NTEREST in benign bronchial tumors and increasing appreciation of their 

importance have paralleled the development of bronchoseopie and radiologie 
methods of bronchial examination. Improved methods of endoscopic and 
thoracie surgery now permit successful management of most bronchial tumors. 
Statistical reports of large series of bronchial neoplasms suggest that benign 
tumors represent 5 to 10 per cent of the total.*** 1" Among these benign 
tumors is the bronchial lipoma, which is sufficiently rare to warrant report 
of a case. This case is, we believe, the fourteenth to be recorded. It clearly 
illustrates some of the problems associated with management of benign bronchial 
tumors in general. 

The 3 eases of benign bronchial tumors reported before 1927, which were 
apparently lipomas or similar tumors with a large fatty component, were 
discovered at autopsy and were of undetermined clinical significance (Table I). 
In 1927, Kernan® reported the first case of bronchial lipoma seen at bronchos- 
copy and suecessfully removed through the bronchoscope. As indicated in 
Table I, other reported lipomas were so situated as not to be removable broncho- 
scopieally, or resulted in bronchial obstruction, bronchiectasis, or such secondary 
pulmonary damage that pulmonary resection was necessary. 


CLINICAL MANIFESTATIONS 


In lipomas of the bronehus, as in other benign bronchial tumors, the 
symptoms and signs are largely dependent on the location of the tumor and 
the degree of bronchial obstruction produced.'*? The study of Watts and 
co-workers’® indicated that bronchial lipomas undoubtedly arise from fatty 
tissue normally present in the bronchial tree, where it occurs in all bronchi 
which have cartilaginous plates in their wall (i.e., those bronchi 1 mm. or 
larger in diameter). Although more fatty tissue is found in the bronchial 
wall external to the cartilaginous plates, it seems that submucosal lipomas 
(those arising internal to the cartilaginous plates) are more significant clinically 
because they expand endobronchially and produce bronchial obstruction more 
readily. 

Cough, resulting from bronchial irritation, may be the earliest symptom. 
Unlike the highly vaseular adenomas, which bleed readily,* 1" lipomas are 
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relatively avascular and less frequently produce hemoptysis. As the tumor 
expands into the bronchial lumen, it interferes with the airway and may cause 
wheezing. If air is trapped in the pulmonary segment, localized obstructive 
emphysema may result. As the obstruction becomes complete, atelectasis occurs 
in the involved pulmonary segments or lobes. Bronchial secretions are trapped 
in the oceluded bronchi; pneumonitis and bronchiectasis follow. Extensive 
pulmonary damage ultimately results if the bronchial obstruction is not re- 
lieved. The clinical course of many patients with benign bronchial tumors 
is featured by a history of recurring episodes of productive cough, pulmonary 
symptoms, and ‘‘pneumonia’’ for several years. These occur during the period 
when the slowly growing tumor is large enough to produce intermittent 
bronchial obstruction. Recurring episodes of ‘‘pneumonia’’ demand complete 
investigation of the bronchial tree. 


ROENTGENOLOGIC MANIFESTATIONS 


Since a lipoma is more apt to occur in a large bronchus than in a small 
one, the tumor is usually located in the hilar region of the lung. A hilar 
neoplasm may first become evident in a roentgenogram of the chest as an 
unusually prominent hilar shadow. The tumor may give the hilum an un- 
usual density, a broader or longer shadow than normal, or an eccentric or 
unusual configuration. In the earliest stages of the tumor’s growth, this 
manifestation may escape detection. Careful comparison of serial roentgeno- 
grams should give a clue to the presence of disease, however, as benign neo- 
plasms gradually increase in size. 

Endobronchial growth of a tumor ean usually be demonstrated by broncho- 
graphic study before it is manifest in plain roentgenograms. Thorough broncho- 
graphic exploration of the bronchial tree, as pointed out by Di Rienzo,’ will 
disclose small intraluminal lesions. A polypoid growth stands out as a rounded, 
oval, or irregular filling defect in the bronchus, which has been outlined by 
contrast media coating its mucosal surface. 

Stenosing bronchial growths will be portrayed as smooth or irregular 
narrowing of the bronchial lumen. Above the lesion there may be some ap- 
parent enlargement of the bronchus, perhaps associated with overfilling or 
slow emptying of this segment. The stenosis may be incomplete or complete. 
If incomplete, the bronchi below the narrowing may be fragmentarily visual- 
ized, may be partially filled with retained secretions, or may show varying 
degrees of bronchiectasis. If the obstruction is complete, no contrast media 
will pass into the bronchial segments peripheral to the tumor. The occluding 
tumor may be indicated by a rounded endobronchial mass outlined by contrast 
media, or at times by a soft tissue extrabronchial mass at the site of the 
obstruction. 

After the tumor has produced bronchial obstruction, resulting changes 
in the lung are manifest in plain roentgenograms. Localized obstructive 
emphysema may be the first indication of an endobronchial growth. This 
occurs because the bronchial lumen enlarges during the inspiratory phase of 
respiration and becomes smaller during expiration. Therefore, the involved 
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segment is overinflated as a result of air being trapped within it. In 
roentgenograms this may be seen as an unusually radiolucent segment or lobe 
in the pulmonary field. It is most noticeable if roentgenograms are obtained 
at two phases of the respiratory cycle, with the patient in full inspiration and 
complete expiration. Careful fluoroscopy of the chest is another valuable aid 
in determining the presence of localized obstructive emphysema. 

When the tumor completely fills the bronchial airway, the air trapped 
in the lung distal to the obstruction is absorbed and atelectasis ensues. This 
is evident in roentgenograms as a relatively homogeneous shadow involving 
a segmental or lobar area of the lung. If the pulmonary area involved is 
sizable, other portions of the lung may show overexpansion, or there may be 
other compensatory changes, as mediastinal shift or elevated diaphragm." 


BRONCHOSCOPIC MANIFESTATIONS 


Development of endoscopic methods made possible direct inspection of the 
trachea and large bronchi. Bronchoscopie study is a valuable feature in both 
the diagnosis and treatment of benign bronchial neoplasms. The position, 
size, and gross characteristics of the tumor, the mucosa over the tumor and in 
the adjacent bronchus, and the degree of attendant bronchial obstruction, can 
be determined bronchoscopically. Endoscopic biopsy often establishes a histo- 
logic diagnosis. A bronchial lipoma usually appears as a smooth, rounded, or 
oval, submucosal mass. It is firm and gray or yellowish in color; the overlying 
mucosa is stretched but rarely ulcerated. The bronchial lumen shows various 
degrees of obstruction. Pus may be seen exuding around the mass from the 
bronchus beyond it.’° If the tumor is partially or completely fulgurated or 
excised, bronchiectasis may be evident in the bronchial segments distal to it. 


TREATMENT 


Benign bronchial tumors demand prompt excision. As Myerson!’ wrote, 
they are ‘‘benign only in the histologie sense.’’ The damage they produce, 
when untreated, may prove fatal. 

When seen by the endoscopist, the tumor may be fulgurated or excised 
by bronchoseopiec means. Apparent successful removal of lipomas has been 
reported in 7 instances (Table I), and was accomplished also in the ease to be 
reported. This method is not without some danger of complications. Mediastinal 
emphysema, tracheobronchial hemorrhage, and death from ecardiae trauma 
have been reported as complications following bronchoscopic removal of 
bronchial tumors."?: 18 

In submucosal lipomas of the bronchus, the chief iiibcnasieeas of broneho- 
scopic removal seems to be the persistence of bronchiectasis after the tumor has 
been removed. Three such instances have been reported (Table I). In the 
case to be presented subsequent pulmonary excision was required to cure 
the severe localized bronchiectasis. 

Lipomas of the upper lobe bronchi may not be visible to the bronchoscopist, 
or may not be accessible for endoscopic therapy. Tumors with extrabronchial 
extension cannot be managed bronchoscopically, primary transthoracic excision 
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being necessary.’* The need for prompt therapy is great and there should be 
no hesitancy to perform exploratory thoracotomy if the endoscopist is unable 
to remove the lesion completely, or if subsequent studies reveal significant 
bronchiectasis or bronchostenosis. 


CASE REPORT 


C. T., a 35-year-old machinist, was well until the winter of 1943 when some wheezing, 
slight pain in the midsternal area, generalized aching, and mild fever developed. These 
symptoms disappeared following treatment by his local physician with a sulfonamide. The 
sense of retrosternal oppression returned, however. A roentgenogram of the chest showed 
a ‘‘spot’’ in the lung. Bronchoscopic examination revealed a mass in the right bronchus 
from which a specimen was obtained. He was told he had a tumor which would be removed 
bronchoscopically. However, four bronchoscopic attempts to remove the tumor proved 
unsuccessful. He was then advised that operative removal would be necessary. 

When first seen at the Ochsner Clinic on Jan. 26, 1945, the patient was asymptomatic. 
It had been three months since the last bronchoscopic examination. During this interval 
he had occasionally noticed transitory inability to take a deep breath. The only attacks of 
hemoptysis he had had followed each bronchoscopic attempt at removal of the tumor. The 
patient had lost no weight, and had not had a productive cough or dyspnea. 

On admission, slight decrease in resonance was noted on percussion of the right anterior 
chest. A roentgenogram of the chest on the day of admission showed nodular prominence 
of the right hilum, with linear shadows extending into the peripheral right pulmonary field 
(Fig. 1). There was some increased density at the right cardiophrenic angle with a slight 
shift of the trachea to the right, suggestive of the presence of partial atelectasis of a portion 
of the right lung. The right main bronchus was visualized, but the intermediate bronchus 
was not delineated. 

Bronchography, done the following day, indicated occlusion of the right middle lobe 
bronchus near its origin, with resulting atelectasis of the middle lobe (Fig. 2). Irregular 
dilatation of some of the bronchi of the anterior segment of the upper lobe and compensatory 
overexpansion of the right lower lobe were apparent. 

Bronchoscopy under local anesthesia on Feb. 26, 1945, disclosed a smoothly rounded, 
firm tumor which seemed to fill the right bronchus completely. On the first two attempts at 
removing the tumor, a small portion broke off. On the third attempt, the entire tumor seemed 
to come up through the bronchoscope. The yellowish-white tumor was 3 cm. long and 5 mm. 
in diameter (Fig. 3). Microscopic examination proved the lesion to be a submucosal lipoma 
of the bronchus, with areas of fat necrosis, chronic inflammation, and fibrosis. 

Bronchograms made two days after removal of the obstructing lesion showed that it had 
been removed from the right middle lobe bronchus. The middle lobe bronchial segments, 
outlined by Lipiodol, showed severe bronchiectasis (Fig. 4). The middle lobe was consider- 
ably shrunken. The localized bronchiectasis in the inferior portion of the anterior segment 
of the right upper lobe persisted. 

The patient was discharged in the hope that the bronchiectasis would subside after 
removal of the obstructing lipoma. However, a bronchogram on April 12, 1945, indicated 
persistence of the bronchiectasis. The patient refused to submit to operation. On Sept. 
24, 1945, a bronchogram showed no Lipiodol passing into the middle lobe bronchus. Whether 
this obstruction was due to secretions, a plug of mucus or regrowth of the tumor was 
undetermined. The patient refused bronchoscopic examination but agreed to surgical inter- 
vention. 


On Oct. 1, 1945, resection of a shrunken middle lobe, along with wedge resection 
of the anteroinferior portion of the right upper lobe was carried out. Pathologie examii- 
nation showed severe bronchiectasis and chronic bronchitis. There was no evidence of 
residual or recurrent lipoma. Postoperative recovery was prompt and uncomplicated. 
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Fig. 1.—Roentgenogram of the chest which shows increased density and prominence of the 
lower pole of the right hilum, and some atelectasis of the right middle lobe. 


2.—Right lateral bronchogram of chest which shows occluded right middle lobe bronchus 
and overexpansion of right lower lobe. 
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Fig. 4.—Right lateral bronchogram after bronchoscopic removal of lipoma. Partially col- 
lapsed right middle lobe with bronchiectasis, and involvement of inferior bronchi of anterior 
segment of upper lobe. 


Fig. 3.—Photograph of submucosal lipoma of the bronchus following bronchoscopic removal. 
= 
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Interval postoperative examinations indicated that the patient’s condition has remained 
good, his symptoms are minimal, and roentgenograms of the chest are satisfactory. In 
December, 1955, over ten years postoperatively, the patient wrote that he was feeling fine 
and working normally. 


SUMMARY 


It is important to recognize benign bronchial tumors and treat them 
promptly. Although histologically benign, these tumors may cause death from 
bronchial obstruction which results in atelectasis, bronchiectasis, pneumonitis, 
suppuration, and possible hemoptysis. Lipoma is one of the rarer benign 
bronchial neoplasms, the case reported being the fourteenth on record. The 
tumor should be excised, either bronchoscopically or transthoracically. Per- 
sistent significant bronchiectasis may require pulmonary excision despite 
bronchoscopic removal of the tumor. This was necessary in our case, following 
which the patient has remained well for ten years. 
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A NOTE ON THE PROGNOSIS OF PULMONARY AGENESIS AND 
HYPOPLASIA ACCORDING TO THE SIDE AFFECTED 


ALEXANDER J, SCHAFFER, M.D., AND RowLanp V. Riper, M.D., D.P.H. 
BALTIMORE, Mp. 


PRELIMINARY review of 30 reported cases of pulmonary agenesis largely 

from the pediatric literature, suggested to one of us that congenital 
absence of the left lung produced fewer symptoms than did absence of the 
right lung and that death occurred earlier and with greater frequency when 
the right side was affected (Table I). 


TABLE I. 30 CASES OF PULMONARY AGENESIS 


LUNG ABSENT | vO. | SYMPTOMATIC | ASYMPTOMATIC | DiED | SURVIVED 
Left i 6 2 15 
Right 11 2 8 5 


From such a small series no firm conclusions were drawn but the figures 
appeared to be highly suggestive. Suggestive also were comments frequently 
met in the literature concerning the greater frequency of left-sided over 
right-sided involvement. Both DeWeese and Howard! and Field? state that 
the majority of cases involve the left lung. Valle and Graham,* after review- 
ing 38 cases, stated that agenesis was encountered twice as often involving 
the left side as the right. One wondered whether this numerical difference 
had been present at birth or whether it appeared later in life because of 
difference in mortality between the two groups. 

The publication in 1953 of Oyamada, Gasul, and Holinger,* in which the 
authors summarized all of the published data, historical, clinical, and patho- 
logic on all the cases reported to date, presented an easy opportunity for ex- 
ploring this question further. Their finding that 109 cases were divided 
almost equally into 50 with right-sided and 59 with left-sided involvement 
indicates that the over-all incidence of the disorder is not significantly 
greater on one side than the other. 

Oyamada and his associates presented for each case the source of their 
information, a brief description of the findings including the side affected, and 
the age at which death occurred or the age when the patient was last known 
to be alive. Reported cases of doubtful diagnosis were listed separately and 
are not included in the analysis below. Those cases considered well established 
they presented in three groups: Group 1, cases of aplasia on one lung, 
Classes One and Two (Schneider*) ; Group 2, cases of congenital hypoplasia of 
one or both lungs; and Group 3, cases of congenital absence of both lungs. 


m the Department of Pediatrics, The Johns Hopkins Medical School. and the Depart- 
ment ey Biostatistics, The Johns Hopkins School of Hygiene, Baltimore, Md. 
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Their Group 3 furnishes no data for the question at hand. Data from 
their first two groups, therefore, form the basis of the following analysis. 
Seven fetal deaths were excluded from their total (4 patients with the left 
side affected and 3 with the right). The cases of bilateral hypoplasia have 
been classified according to the side most severely affected. The analysis 
was carried through for Groups 1 and 2 separately, but since the results are 
essentially the same, they are combined here. 

Table II summarizes the evidence from these data and shows (compare 
Columns 4 and 7) that the prognosis seems considerably more favorable for 
left-sided agenesis. Column 8 indicates that by the age of 10 the difference has 
become statistically significant at about the 5 per cent level or less. 

The conclusions are stated tentatively rather than definitively because of 
the possibility of unknown bias. For example, is there a larger fraction of 
the cases of agenesis of one lung that is asymptomatic and therefore does not 
come to autopsy or does not receive careful study and diagnosis? If the 
answer is the one indicated by the preliminary survey, that left-sided agenesis 
is more apt to be asymptomatic, and if a lower risk of dying is associated with 
lack of symptoms, the differences we found would be even more favorable to 
absence of the left lung. One should note that general underreporting of 
cases, with left and right side equally underreported, could change the 
apparent level of risk as well as the size of the ratio of left-sided to right- 
sided risk, though it would not change the direction of the difference. 

The differential risk cannot be attributed to a greater incidence of other 
abnormalities among the patients with the right side affected, on the basis of 
the case descriptions in the Oyamada report. 

It appears justified, therefore, to expect a greater survival rate when the 
left rather than the right lung is absent. The explanation for this difference 
might lie in the fact that the heart and mediastinal contents must move a 
greater distance to arrive at a position abutting the right axillary wall than 
the left. This greater magnitude of shift must carry with it greater distortion 
in the course of the great vessels and of the trachea and major bronchi, and a 
stronger possibility of kinking and perhaps vascular compression of the air- 
way. This latter factor appears to be the one of greatest importance since 
most of the morbidity and mortality center about respiratory infection. 

Following this line of reasoning it could be argued that mortality, espe- 
cially in instances of right-sided agenesis, might be reduced by preventing the 
mediastinal contents from swinging too far from the midline. Perhaps this 
could be accomplished by the introduction of some nonirritating, nonabsorb- 
able material, such as Lucite balls, into the affected hemithorax. 


SUMMARY 


Statistical analysis of cases of pulmonary agenesis reported indicates 
that agenesis of the right lung carries a worse prognosis than agenesis of the 
left lung. It is suggested that this may be due to greater shift of heart and 
mediastinal contents with greater distortion of the course of blood vessels, 
trachea, and bronchi. 
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THE RESULTS OF PULMONARY RESECTION IN THE TREATMENT OF 
TUBERCULOSIS: AN EVALUATION OF 201 CONSECUTIVE 
RESECTIONS* 


Jack C. Coouey, M.D.,** Fritz H. Mosrr, M.D.,*** RocHester, MINN., AND 
Gustar A, HepBerG, M.D.,{ Nopemine, MINN. 


HE past decade has seen many pertinent changes in the management of 

the patient with pulmonary tuberculosis.‘* Salient among these has been 
the advancement and application of thoracic surgery as an important adjunct 
to the medical and sanatorium regimen. Equally important has been the 
development and judicious use of the chemotherapeutic drugs, both in the 
general management of the tuberculous patient and in his preoperative and 
postoperative phase.* Certainly, the chemotherapeutic drugs have improved the 
results of excisional surgery in tuberculosis and at the same time have reduced 
both mortality and morbidity. Many patients previously ineligible for ex- 
cisional therapy because of widespread, bilateral, or endobronchial disease have 
been improved by these drugs to the extent that resection has become feasible. 

With the foregoing considerations in mind, it seemed timely to review the 
cases in which pulmonary resection has been used at the Nopeming Sanatorium 
in conjunction with chemotherapy in the treatment of pulmonary tuberculosis. 
The years 1951 through 1954 were chosen for this study because this period 
of four years represents a time when the combination of surgery and chemo- 
therapy was used extensively in the management of the tuberculous patient. 
All eases in which operation was performed during this time are reported. 

Indications for surgical therapy were gradually broadened during the 4- 
year period over which this study was made. All decisions to use surgical 
treatment for any given patient were made by the conference-selection method, 
in which all staff members of the sanatorium participated. The great majority 
of indications for resective surgery involved the fibrocaseous focus or cavitary 
lesion remaining following an active sanatorium and chemotherapeutic regimen 
of a varied duration. Tuberculous endobronchial disease and the residue thereof 
in the form of tuberculous bronchiectasis and bronchostenosis were the indica- 
tions for surgical treatment in a few eases. 

The preoperative duration of chemotherapy varied from several weeks to 
several years. A further breakdown of the total duration of chemotherapy in 
these cases will be included later. 


The Mayo Foundation, Rochester, Minn., is part of the Graduate School of the University 
of Minnesota. 
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The main chemotherapeutic drugs employed in the treatment of this surgi- 
cal series included streptomycin (or its derivative dihydrostreptomycin), iso- 
niazid, and para-aminosalicylic acid. Generally speaking, two of these drugs 
were used at any given time unless contraindicated by untoward reactions. In 
a few cases, all three drugs were employed simultaneously. Several other anti- 
tuberculous drugs were used when specific sensitivity or resistance studies indi- 
cated their possible efficacy. These occasionally used drugs included viomycin, 
tibione, and more recently pyrazinamide. 

All patients undergoing surgical therapy were submitted to bronchoscopy 
in the preoperative period. Pulmonary function and bronchospirometrie studies 
were used preoperatively in those patients whose respiratory reserve was border- 
line or indefinite. Inadequate respiratory reserve, as determined by these tests 
and clinical examination, was a contraindication to thoracic surgical therapy. 
Bronchography was carried out whenever indicated, using chloriodized oil 
(Iodochlorol) or Dionosil as the opaque medium. An attempt was made in all 
cases of tuberculous bronchiectasis to map out accurately all segments of both 
lungs in order to evaluate better the indications for, and the extent of, pul- 
monary resection. 

The surgical procedure was carried out with the patient in the prone posi- 
tion using the Naclerio headrest. In almost all cases a rib was resected. Major 
bronchi, including segmental bronchi, were closed by use of interrupted through- 
and-through sutures of silk in an end-on closure after the method of Sweet.® 
Subsegmental resection was utilized, when efficacious, by isolating and ligating 
the subsegmental bronchovascular bundle and then applying curved clamps to 
the subsegmental boundaries and excising the tissue thus isolated. Closure of 
the lung was then effected by a two-row continuous catgut suture, the clamps 
being used as a guide for the first row. Care was taken to close, by silk-suture 
ligatures, all known air leaks following resection. Careful expansion of all re- 
maining segments of the lung on the side of operation was required before the 
chest was closed. Three catheters with extra fenestrations at their ends were 
inserted several interspaces below the line of incision through stab wounds. 
Two of these catheters were placed in the apical portion of the chest, one 
anteriorly and one posteriorly. The third catheter was placed for dependent 
drainage on the diaphragmatic surface. The catheters were attached immedi- 
ately to a water-seal drainage system and later attached to gentle continuous 
suction after the patient was transported to his room. Usually no drainage was 
utilized in cases wherein pneumonectomy was carried out. 

Postoperatively, suction at a pressure of 15 em. of water was maintained 
on all chest catheters until they were removed. This was usually accomplished 
between the third and the fifth day, but of course the time of removal depended 
on the status of expansion of the lung and amount of fluid and air leakage 
present. Antituberculous chemotherapy was started as soon as feasible post- 
operatively. Penicillin was almost routinely used prophylactically, but broad 
spectrum antibiotic drugs were withheld unless specifically indicated. Forced 
coughing, steam, and tracheal aspirations were used as indicated to prevent 
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obstructive pulmonary complications. Bronchoscopy was reserved for those 
cases in which definite roentgenologic and clinical signs of retention of secretion 
and atelectasis developed. 

Mention should be made that tracheotomy has been found useful in the 
postoperative management of some of these problems. Particularly is this 
true in the older patient with some emphysema, retention of secretion, and air 
leak with or without subcutaneous emphysema. Although tracheotomy was 
used in only 2 patients in this series, subsequent experience has proved its 
value. 


CLINICAL FEATURES 


The files of the Nopeming Sanatorium contained data on 189 patients who 
underwent pulmonary resection from January, 1951, through December, 1954, 
as part of the regimen planned in the treatment of their pulmonary tuberculosis. 
Twelve of these patients underwent bilateral pulmonary resection nonsimul- 
taneously, bringing the total number of resections to 201. The ages of these 
patients varied from 8 to 65 years, with the heavy distribution occurring in the 
third, fourth, and fifth decades. Table I includes the exact age distribution. 
The sex ratio was almost equal, there being 92 male and 97 female patients. 
Classification was made of each patient according to whether the disease 
was minimal, moderately advanced, or far-advaneed tuberculosis. The severity 
of the disease submitted to resection is somewhat indicated by the fact that 59 
patients were classified as having far-advanced disease, 93 as having moderately 
advanced disease, and only 37 with minimal disease. Bacterial proof of tubereu- 
losis was of course attempted preoperatively in all cases by sputum and gastric 
studies. In 181 patients, Mycobacterium tuberculosis was isolated, while in 
eight cases no bacterial proof of tuberculosis was found. Operation was per- 
formed in these eight cases because clinically, roentgenographically, and by 
response to treatment, the patients were all thought to have tuberculosis. 
All 8 patients were found to have fibrocaseous lesions pathologically and 4 
had cavitation. Seven of these 8 had positive bacteriologic findings on the re- 
sected specimen, confirming our roentgenographic and clinical impressions. 


TABLE I. AGE RANGE OF 189 PATIENTS UNDERGOING PULMONARY RESECTION 


AGE (YEARS) | PATIENTS 
0-9 1 
10-19 14 
20-29 42 
30-39 61 
40-49 43 
50-59 26 


60-69 


Chemotherapy, as previously indicated, consisted primarily of combina- 
tions of three drugs: streptomycin (or dihydrostreptomyein), para-amino- 
salicylic acid, and isoniazid. Each patient in this series received some chemo- 
therapy, either preoperatively or postoperatively or, more commonly, both. 
The patients who underwent operation in the past two years have received 
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almost routinely a minimum of four to six months of preoperative chemotherapy 
and an equal or greater duration, postoperatively. The average doses of the 
chemotherapeutic drugs included 1 Gm. of streptomycin or dihydrostrepto- 
mycin twice a week, 100 mg. of isoniazid three times daily, and 12 to 14 Gm. of 
sodium para-aminosalicylic acid, daily, in divided doses. Table II indicates 
a breakdown by duration of time of the total amount of chemotherapy ad- 
ministered. 


TABLE II. ToTat DURATION OF CHEMOTHERAPY 


MONTHS OF CHEMOTHERAPY ] PATIENTS 
0-6 16 
6-12 58 
12-18 64 


18 or more 51 


SURGICAL FEATURES 


Two hundred and one thoracotomies were carried out in this series. In 
each case resection of some lung tissue was done. A classification of the 
various types of pulmonary resection would include subsegments, segments, 
lobes, and pneumonectomy. According to the indications, combinations of these 
resections were carried out in the individual case at operation. Table III, 
although not exacting in its breakdown of the types of resection used in any 
individual case, does give some indication of the over-all amount of pulmonary 
tissue removed. Pathologic reports were available on all but 3 patients. Many 
specimens contained more than one type of tuberculous lesion. Fibrocaseous- 
nodular and cavitary disease were the two types reported most frequently, 
while a smaller number of specimens showed bronchiectasis, active tuberculous 
bronchitis, bronchostenosis, or obstructive pneumonitis. Interestingly enough, 
2 patients were found to have concomitant bronchogenic carcinoma with their 
tuberculosis. Both were treated surgically as if the lesion had been carcinoma 
only. 


TABLE IIT. AMOUNT OF LUNG RESECTED IN 189 PATIENTS UNDERGOING PULMONARY RESECTION 


TYPE OF RESECTION | RIGHT | LEFT | TOTAL 
Subsegments 56 45 101 
Segments 75 78 153 
Lobes 28 16 44 
Pneumonectomy 7 6 13 


Bacteriologic studies on all resected specimens were carried out. Such 
studies include smears, cultures for Mycobacterium tuberculosis, and guinea 
pig inoculations. Reports on these studies were available on all but 22 pa- 
tients. Forty-seven patients had a positive smear only, while 32 had the guinea 
pig inoculation or culture positive only. Both smear and cultural methods 
were positive in 43. All attempts to isolate the tuberculosis bacillus from the 
specimen were negative in 57. 
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Previous surgical therapy for tuberculosis had been carried out in 27 
patients prior to their resection. This consisted of thoracoplasty in all in- 
stances. In no other patients in this series had a resection, decortication, or 
other thoracic surgical procedure been done elsewhere prior to resection at the 
Nopeming Sanatorium. Thirty-eight thoracic surgical procedures were done 
as an adjunct to pulmonary resection. In 19 cases thoracoplasty was done. 
Seventeen of these were done at or just before the time of resection, while two 
were done after the patient’s recovery from resection. 

The incidence of postoperative complications was not high. Retention of 
secretion severe enough to require bronchoscopy was the commonest complica- 
tion, oceurring in eighteen cases (9 per cent). Persistent bronchopleural 
fistula occurred after eight resections (4 per cent). In four of these instances, 
surgical therapy of this fistula and thoracoplasty were required, while in the 
other four, thoracoplasty alone was utilized in the treatment. In none of the 
eight cases was the bronchopleural fistula felt to be from the larger bronchi. 
In all cases small bronchial leaks from the raw surface of the lung were thought 
responsible. Frank empyema occurred in 4 patients (2 per cent). Persistent 
air “pocket” and pneumothorax following removal of the chest tubes were two 
other less common complications. Table IV includes a classification of all 
complications occurring in this series. 


TABLE IV. COMPLICATIONS OCCURRING IN 201 PULMONARY RESECTIONS 


COMPLICATION | PATIENTS 


Retention of secretion requiring bronchoscopy 18 
Bronchopleural fistula 
Persistent “pneumo” pocket 
Empyema 

Pleural effusion 

Hemorrhage with hemothorax 
Wound infection 
Pneumothorax 

Transfusion reaction 
Subcutaneous emphysema 
Wound hematoma 

Paralytic ileus 

Psychosis 

Guillain-Barré syndrome 


Twenty-five thoracic surgical procedures were necessary in the treatment 
of complications. These included thirteen thoracoplasties, five decortications, 
four closures of bronchopleural fistula combined with thoracoplasty, two 
tracheotomies, and one excision of a long bronchial stump. 


FOLLOW-UP RESULTS 


All 189 patients were followed for periods ranging from two months to 
four and one-half years. Follow-up was accomplished by roentgenologie, gastric 
and sputum studies in the postoperative sanatorium phase, and then by gastric 
and roentgenologic studies at intervals of three to six months for varying 
periods following the patient’s dismissal from the sanatorium. In eighteen 


2 
: 


388 COOLEY, MOSER, AND HEDBERG J. Thoracic Surg. 
March, 1957 


instances, resection was carried out on patients who were transferred to No- 
peming for surgical treatment from other nearby sanatoriums. In all of these 
cases, follow-up was by contacting the respective sanatorium to which the 
patient had returned. In seven eases, follow-up was roentgenologie only, be- 
cause for one reason or another gastric studies were declined. There were 
eight deaths in all, representing a 4.2 per cent over-all mortality. Of these, 5 
patients (2.6 per cent) died in the sanatorium, while 3 died at various time 
intervals following their dismissal from the sanatorium. The causes of the 
postoperative early deaths include one ease each of cardiovascular accident, 
severe subcutaneous emphysema, cardiac arrest which did not respond to 
cardiae massage, postoperative vascular collapse, and Guillain-Barré syndrome. 
The cause of two of the late deaths was myocardial failure in one patient and 
an automobile accident in another. The cause of the third late death was 
indefinite, and unfortunately no post-mortem examination was made. The death 
was not thought to be due to tuberculosis, however. 

Good results, with continued sputum conversion and roentgenologic sta- 
bility of residual lesions, were found in 160 of the 189 patients (85 per cent). 
An additional 7 patients were followed roentgenologically only, and all of 
these appeared to have a good result as determined by the roentgenologie and 
clinical stability. The total number of patients with good results is thus 167 
(88 per cent) if these two groups are considered together. A more accurate 
appraisal of these good results is gained from Table V, in which they are 
classified according to the duration of follow-up since resection. 


TABLE V. PATIENTS CLASSIFIED AS HaAvinc A “Goop RESULT” FOLLOWING PULMONARY 
RESECTION 


ROENTGENOLOGIC STUDIES 


TIME FOLLOWED GASTRIC STUDIES ONLY 
0-6 months 19 0 
6-12 months 74 2 
1-2 years 57 2 
2-3 years 9 0 
3-4 years 1 2 
4-5 years 0 1 


Thirteen patients (6.9 per cent) had recurrent bacterial positivity follow- 
ing resection, and the results for these patients were classified as unsatisfactory. 
One additional patient had negative sputum and gastrie studies, but had a 
change in the chest roentgenogram which strongly suggested activity in the 
residual pulmonary lesion, This patient has also been classified as having an 
unsatisfactory result. It was of interest to us that, of the fourteen “resection 
failures,” 8 remained positive postoperatively in the sanatorium. Two of these 
have subsequently been found bacteriologically negative following further 
chemotherapy and dismissal from the sanatorium. A critical review of this 
group of 8 patients suggests that perhaps they represent more a failure in 
patient selection than a failure of pulmonary resection. Five patients were 
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negative bacteriologically while in the sanatorium postoperatively, but sub- 
sequently were positive on sputum or gastric studies and were readmitted for 
further treatment. 

A point to be emphasized is that of twelve bilateral pulmonary resections 
carried out in this series, three were in the failure group. This represents a 
failure rate of 25 per cent when bilateral resection was used in the therapy of 
tuberculosis and indicates that great care must be taken in evaluating patients 
for bilateral resective therapy. 


COMMENT 


The over-all results of pulmonary resection for tuberculosis are good. A 
recent review of the results in 189 patients with tuberculosis treated by a stand- 
ard sanatorium regimen, chemotherapy, and pulmonary resection and herein 
presented has helped solidify our opinion in this regard. Certainly only a part 
of the eredit can be allocated to resective surgery. Good sanatorium care and 
a well-planned chemotherapy program are an integral part of the over-all 
management of the tuberculous patient undergoing pulmonary resection. 
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THE FATE OF THE RESIDUAL PLEURAL SPACE FOLLOWING SMALL 
RESECTIONS FOR PULMONARY TUBERCULOSIS 


WILSON WEISEL, M.D., Ropert F. Tommie, M.D., AND 
Raymonp R. Watson, M.D. 
MILWAUKEE, WIs. 


HE presence of a residual pleural space due to incomplete lung re-expan- 

sion following lung resections for pulmonary tuberculosis has been con- 
sidered a potentially serious complication of the procedure.’* The danger 
of its appearance lies in the presumed likelihood of bronchopleural fistula, 
empyema, overdistention of remaining lung and concomitant spread of 
tuberculous disease. Because of these dangers, various collapse procedures 
«have been recommended to be performed concurrently with surgery or soon 
after the space has been detected. 

In order to evaluate the status of these views, a policy of careful observa- 
tion and follow-up was adopted in caring for postoperative patients with a 
residual pneumothorax or pleural space. The decision for further operative 
procedure was made dependent only on the development of an empyema or 
other superimposed complication of comparable magnitude. 

The series of patients utilized for this study was 100 consecutive cases of 
small resections performed on 90 patients as primary major surgical proce- 
dures between November, 1950, and November, 1954. The age of the group 
ranged from 23 to 63, with an average of 43 years. The sex distribution was 
72 males and 18 females. The only selection exercised consisted of excluding 
patients who had had previous major surgery, such as thoracoplasty, or 
patients in whom the resection involved one complete lobe or more. 

Residual air pockets which were of sufficient size to be easily recognized 
on postoperative x-rays were noted following 34 resections in 28 patients. 
These were present or developed more than 72 hours after resection. All of 
these patients were carefully followed in the immediate postsurgical period and 
have been rechecked to the present time to determine the occurrence of late 
complications. The shortest period of postoperative examination has been 14 
months and the longest 514 years. We have considered all of these spaces to 
represent bronchopleural fistulas and, regardless of their appellation, we be- 
lieve this is the best explanation of their pathogenesis. In addition, because 
of this pathology, we feel further that careful, regular, and persistent follow- 
up examinations including history, physical examination, thoracic roentgeno- 
grams, and gastric cultures are imperative. 

The primary surgical procedures in the patients studied were segmental 
resection in 70, subsegmental in 18, and wedge resection in 12. Decortication 
was performed as a concomitant procedure 12 times. In the patients with 
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the complication of a residual space, the surgical procedures were segmentec- 
tomy in 22, subsegmental resections in 6, and wedge resections in 6. Decortica- 
tion was performed as an associated procedure in 5 of these eases. Thirty of 
the complications were in male patients and 3 in females, and the average age 
of the group was similar to the series as a whole. 

Persistent cavitary or nodular disease represented the primary indications 
for resection in the entire group of patients. It should be noted, however, 
that in those patients with complications, there was a higher incidence of 
decortication necessitated by previous pneumothorax or effusion than in the 
entire group. All of the patients had received antibiotics and chemotherapy 
prior to resection for 1 to 18 months, with an average of 9 months preoperative 
therapy. Various combinations of drugs were about equally represented in 
this group of patients and they were treated from 3 to 18 months postopera- 
tively, with an average of 414 months therapy after surgery. 

The majority of the residual spaces were noted to be present within 72, 
hours, however, at least one patient developed a space on each succeeding 
day up to the tenth postoperative day. All of these spaces developed in spite 
of the routine use of multiple chest catheters for subaqueous negative pres- 
sure drainage of the pleura. Once the space was recognized, negative pressure 
drainage was continued if present until it was considered to be ineffective, 
when the catheters were removed and the space was then studied by roentgen 
methods, needle aspiration, the injection of foreign material to determine the 
presence of fistula and/or reinsertion of catheters in the space. 

In 34 persistent spaces, the original chest tubes were considered effective 
for from 3 to 21 days postoperatively, with an average of 7 days. Multiple 
thoracenteses were considered effective in treating the complication in four- 
teen instances. Chest catheters were reintroduced into the space for con- 
tinued closed drainage sixteen times for a period of 1 to 17 days with an 
average of 9 days’ duration. There were 4 patients who had no further 
therapy. 

Specific evidence of bronchopleural communication was demonstrated in 
8 of the patients and, of this group, 2 had open drainage performed when 
evidence of infection was found. Of the 2 latter patients, one had a small 
thoracoplasty performed. None of the other patients had further surgical 
procedures. 

The technique of handling the intersegmental plane was equally repre- 
sented in the patients with persistent spaces. About one third of the patients 
had eareful closure of the intersegmental or bare area by suturing the edges 
of the wound. In another 9 cases the bare area or intersegmental plane was 
not treated except for particular hemostasis and closure of small leaks on the 
surface; the remaining patients had the bare surface covered by an attached 
flap of pleura. 

The length of time that the pleural pocket was seen roentgenographically 
varied from 10 to 937 days, with an average presence of 97 days. The dura- 
tion of the space in the 8 patients in whom a bronchopleural fistula large 
enough to be demonstrated by objective means varied from 23 to 269 days, 
with an average of 169 days. 
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Of the 28 patients who presented spaces, 2 were found to have positive 
gastric cultures 4 and 114 years postoperatively, respectively. It might be 
said, however, that both patients had rather extensive bilateral disease 
originally; no obvious active parenchymal lesion was apparent in current 
x-rays and the tubercle bacilli cultured have not reproduced tuberculosis 
in the animal. Single episodes of hemoptysis have oceurred in 2 patients 
at intervals of 3 and 2 years after surgery, respectively. No definite con- 
nection with the previous surgical complication has been established in 
these patients and no evidence of active pulmonary disease has been seen 
radiographically. The late complications in this group of patients have seemed 
slightly higher than would be anticipated ordinarily but when the type of 
original disease was considered this was not unexpected. 


To demonstrate this group of cases the following case histories are cited. 


CASE REPORTS 


Case 1.—P. H., 136424, a 61-year-old white man, was admitted Jan. 9, 1952, from an- 
other institution because of moderately advanced, active, bilateral pulmonary tuberculosis. 
He demonstrated cavitary disease of the right upper lobe and positive sputum (Fig. 1). 
He was treated for 12 months with streptomycin and para-aminosalicylic acid (PAS) and 
on April 8, 1952, a right apical and posteror segmentectomy was performed. The lung 
appeared well expanded after surgery but on April 11, 1952, a moderate-sized apical 
pleural space appeared. The original catheters became ineffective on the fifth postoperative 
day and were removed (Fig. 2). A new catheter was reinserted into the space and was 
effective for 10 days and it was then removed. Although the patient did very well clinically 
the apical space was visible radiologically for 217 days. He was discharged from the 
hospital on April 17, 1953. The last follow-up examination on Oct. 12, 1955, showed him to 
be in good health; he had no complaints; his chest x-rays appeared normal (Fig. 3), and 
gastric cultures have been consistently negative. 


Case 2.—F. W., 147964, a 35-year-old white man, was admitted July 25, 1953, from 
another institution because of minimal, active, left fibronodular and cavitary pulmonary 
tuberculosis (Fig. 4). On Dec. 10, 1953, after 7 months’ therapy with streptomycin and 
PAS, a left apicoposterior segmentectomy was performed. Although the lung was well ex- 
panded after operation, a pleural space was evident 2 days after surgery. The chest 
catheters functioned for 4 days and were then removed (Fig. 5). Thoracenteses were per- 
formed on 8 occasions with removal of moderate quantities of air and no fluid but a fistula 
could not be demonstrated by the injection of methylene blue, saline, or ether. The space 
persisted for 104 days. The patient was discharged asymptomatic and with negative sputum 
on Nov. 5, 1954. Recent examinations on Aug. 10 and Nov. 5, 1955, have found the patient 
to be without symptoms, chest x-rays (Fig. 6) are stable, and gastric cultures are negative. 


Case 3.—J. P., 141333, a 30-year-old white man, was admitted to the hospital on Sept. 
4, 1952, because of moderately advanced, active, fibronodular pulmonary tuberculosis of the 
right lung (Fig. 7). He had a previous history of severe alcoholism and recurring residences 
in correctional institutions. On Oct. 21, 1952, a subsegmental resection of the anterior seg- 
ment of the right lobe was performed through a posterolateral thoracotomy for a filled cavity 
the contents of which were positive on culture for acid-fast bacilli. 

Three days following surgery an apical pneumothorax space became apparent (Fig. 8). 
No gross evidence of bronchial fistula could be definitely ascertained and no further treatment 
was performed. The pleural space could not be seen on Dec. 8, 1952, or 53 days after its 
appearance. Follow-up studies in July, 1955, presented no abnormal findings (Fig. 9). 


Case 4.—O. B., 139480. This 31-year-old white man was admitted to the hospital on 
June 4, 1952. He was transferred from another institution having been under treatment for 
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moderately advanced, bilateral, active, reinfective pulmonary tuberculosis with streptomycin 
and PAS for 3 months. 

A left thoracotomy was performed on Aug. 26, 1952, to remove residual nodular disease 
in the upper and mid-lung fields. Subsegmental resections of the apicoposterior and superior 
segments were used to remove four fibrocaseous lesions. The postoperative course was satis- 
factory until the fifth postoperative day when a large apical pneumothorax space appeared. 
The latter was treated by insertion of an apical catheter and negative pressure suction for 2 
weeks, but lung re-expansion did not occur although no definite evidence of a large fistula 
could be obtained. The pneumothorax space was seen radiologically until Oct. 24, 1952. A 
month later a right thoracotomy was performed with resection of three granulomatous lesions 
by wedge resection. The postoperative course was uneventful and the patient was prepared 
through the usual rehabilitation regime. 

The patient was discharged Sept. 8, 1953. The chest x-ray showed stability and gastric 
cultures were negative for acid-fast bacilli in July, 1955. 


Case 5.—L. B., 144799, a 28-year-old white man, was admitted to the hospital on Feb. 
24, 1953, because of moderately advanced, active, cavitary tuberculosis of the right upper 
lobe. After 11 months’ therapy with streptomycin and PAS, a right thoracotomy was per- 
formed on Feb. 2, 1954, because of persistent cavitary disease (Fig. 10). 

At thoracotomy a right apical and posterior segmentectomy were performed to remove 
all of the palpable disease. Four days postoperatively and 2 days after removal of pleural 
drainage tubes, an apical pneumothorax space was noted above the fifth posterior rib. A 
catheter was inserted in the apical space for 10 days but the space persisted (Fig. 11) until 
April 26, 1954. The patient’s convalescence was otherwise uneventful and check-up examina- 
tion in September, 1955 (Fig. 12), revealed a stable roentgen picture and gastric cultures 
were negative for tubercle bacilli. 


CASE 6.—J. R., 148512, a 47-year-old white man, was admitted to the hospital Aug. 19, 
1953, as a transfer from another institution because of persistent cavitary, moderately ad- 
vanced, active, pulmonary tuberculosis in spite of adequate antibiotic and chemotherapy for 
13 months (Fig. 13). A right thoracotomy was performed on Sept. 17, 1953, and a posterior 
segmentectomy of the upper lobe was performed. 

The patient’s immediate postoperative course was satisfactory and the pleural catheter 
was removed and the lung well expanded on the fourth day after operation. Ten days post- 
operatively, an apical pneumothorax space was found associated with right chest pain and 
subeutaneous empyema. <A catheter was reinserted at the apex of the right thorax and it 
functioned for 7 days after which it was withdrawn. The space, persisted however (Fig. 14), 
until Nov. 2, 1953. A follow-up x-ray in June, 1954 (Fig. 15), revealed a stable picture and 
gastric cultures in May, 1955, were negative for acid-fast bacilli. 


CONCLUSIONS 

1. Residual pleural space was a complication in one third of 100 consecu- 
tive small resections for pulmonary tuberculosis. 

2. The fate of the residual space after small resections is usually one of 
gradual resolution, and infection of this space is rare. 

3. Careful expectant observation can be safely advised for the postoperative 
pleural spaces, following small tuberculous resections, if physician and patient 
are confident that a regular schedule of follow-up examination will be adhered 
to by both parties. 
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THE EFFECT OF PREOPERATIVE CHEMOTHERAPY ON THE 
INCIDENCE OF TUBERCULOUS LESIONS IN THE BRONCHI 


Wa iy Gorpon, F.R.C.S.(Eprn.), F.R.C.S. ( Ena.) * 
Lonpon, ENGLAND 


N a previous communication, the author’ showed that preoperative strepto- 

mycin reduces the incidence of bronchopleural fistula after pulmonary ex- 
cision for tuberculosis and that the incidence of fistula is influenced by the 
duration of streptomycin treatment before operation. It was assumed that 
the reduced incidence of fistula was due to the effect of the preoperative 
streptomycin on the tuberculous lesions in the transected bronchi. However, 
at the time of that investigation, practical difficulties prevented a coincident 
study to determine the effect of chemotherapy on the histologic appearances 
of the excised bronchi. The aim of the present communication is to show 
that treatment with antibacterial agents does influence the incidence of 
tuberculous lesions in the bronchi. 

Eighteen patients did not receive drugs before operation as they were 
treated before the period of routine chemotherapy. Fifty-one patients re- 
ceived such treatment before operation and 36 of these patients had received 
more than one course of drugs. In 32 patients, as the intervals between 
courses were long, only the last course was taken to represent the preopera- 
tive treatment. In 4 patients, as the interval between the penultimate and the 
final course was less than four weeks, the two courses, but excluding the 
interval between them, were considered together as the duration of preopera- 
tive drug treatment. 

Three patients received streptomycin alone, 28 streptomycin and PAS 
(para-aminosalicyliec acid), 14 streptomycin and INAH (isonicotinie acid 
hydrazide), 4 streptomycin, PAS and INAH, one INAH alone, and 2 pa- 
tients received INAH and PAS. During part of the course, 6 patients were 
given 1 Gm. of streptomycin, thrice weekly. All other patients on strepto- 
mycin received 1 Gm. daily. Either 150 or 200 mg. of INAH and from 12 to 
20 Gm. of PAS were given daily. 

The 69 patients underwent pulmonary excision for tuberculosis and the 
central end of the divided bronchus was examined in each of the operation 
specimens (nineteen lungs, thirty-five lobes, and fifteen segments). The 
histologic examinations were routine and the patients providing the patho- 
logic material were unselected. 

In Table I the patients are grouped according to whether or not they re- 
ceived preoperative chemotherapy. In the group which did not receive drugs 
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before operation, tuberculous lesions were present in the bronchi of 67 per 
cent of the operation specimens. Whereas, in the group which received drugs 
in the immediate preoperative period, these lesions were found in only 24 
per cent of the specimens. 


TABLE I. EFFECT OF PREOPERATIVE ANTIBACTERIAL DRUG TREATMENT ON INCIDENCE OF 
TUBERCULOUS LESIONS IN THE BRONCHI 


| TOTAL NUMBER OF OPERATION | WITH TUBERCULOUS LESIONS IN 


SPECIMENS TRANSECTED BRONCHI 
Patients not receiving chemo- 
therapy before operation 18 12 (67%) 
Patients receiving chemother- 
apy before operation 51 12 (24%) 


In Table II the incidence of these tuberculous lesions is related to the 
duration of chemotherapy before operation. Prolongation of drug treatment 
beyond one week was associated with a continued reduction in the incidence 
of bronchial lesions but there was little further diminution until after eighteen 
weeks of chemotherapy when a sharp reduction occurred. 


TABLE II. INFLUENCE OF DURATION OF ANTIBACTERIAL DRUG TREATMENT ON INCIDENCE OF 
TUBERCULOUS LESIONS IN THE BRONCHI 


PREOPERATIVE TOTAL NUMBER OF WITH TUBERCULOUS LESIONS 
CHEMOTHERAPY OPERATION SPECIMENS IN TRANSECTED BRONCHI 
None 18 12 (67%) 

1 week or less 9 4 (44%) 
1 to 9 weeks 16 3 (19%) 
9 to 18 weeks 15 4 (27%) 
18 to 39 weeks 11 1 (9%) 


SUMMARY AND CONCLUSIONS 


The effect of preoperative chemotherapy on the histology of the bronchus 
has been studied in 69 patients undergoing pulmonary excision for tuberculo- 
sis. 

Chemotherapy before operation appears to reduce the incidence of 
tubereulous lesions in the transected bronchi of operation specimens. A con- 
siderable reduction in the incidence of these lesions occurs when treatment is 
prolonged beyond one week, but is most obvious after eighteen weeks of 
chemotherapy before operation. These observations support the view ex- 
pressed previously that treatment with antibacterial agents before operation 
reduces the incidence of bronchopleural fistula after operation by reducing 
the incidence of tuberculous lesions in the transected bronchi. — 
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5-HYDROXYTRYPTAMINE (SEROTONIN) AND ITS RELATIONSHIP 
TO THE CARCINOID-CARDIOVASCULAR SYNDROME AND 
RENDU-OSLER-WEBER’S SYNDROME 


CHARLES H. Sparks, M.D.,* THomas L. Tomprince, M.D.** 
Sr. Louis, Mo. 


URING the past few years, the carcinoid-cardiovaseular syndrome has been 
recognized and described. We wish to review the literature, add one 
ease, and discuss the pathogenesis of the various features of the syndrome. In 
addition, we will propose a new explanation for the pathogenesis of Rendu- 
Osler-Weber’s syndrome (heredofamilial telangiectasia), with supporting evi- 
denee. 
REVIEW OF LITERATURE 


Prior to 1953, there were only sporadic reports of eases of carcinoid 
tumors of the intestine associated with cardiae valvular abnormalities. This 
association was thought only to be coincidental, until Isler and Hedinger,'® 
in Zurich, and Rosenbaum and his associates,** in the United States, in 1953, 
independently suggested a syndromal relationship of the various components. 
Thorson and co-workers,*® in 1954, published a review and listéd as essential 
features intestinal carcinoid tumor with liver metastasis, dependent edema, 
diarrhea, telangiectases, asthmatie attacks, flushing and cyanosis, pulmonary 
stenosis, and tricuspid insufficiency. The cyanosis was violaceous in color and 
transient, and the telangiectases were found principally on the face. They 
listed 16 cases present in the literature up to that time including, not only 
-those of Isler and Hedinger, and Rosenbaum, but also, 6 of their own. Of 
these 16 cases, 12 were definite, and 4 were questionable to varying degrees. 
As pointed out by MeKusick,”* these writers overlooked one definite case that 
had appeared earlier.2t Subsequently, 9 acceptable cases have been re- 
ported,’ * ineluding one by MeKusick** who wrote a comprehensive re- 
view on the subject. Thus, there have been twenty-one valid instances of this 
syndrome, to which we are adding one of our own, making a total of twenty- 
two to date. Other reports indicate possible examples, but cannot be included 
due to lack of autopsy confirmation or incomplete clinical study. Table I 
ineludes all the cases of Thorson and associates, all subsequent autopsied eases, 
and one ease of particular interest which will be alluded to later.6 The present 
ease is the first to have had complete ante-mortem and post-mortem studies, and 
is also the first one reported in a Negro. 
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CASE REPORT 
J. B., a 33-vear-old Negro male laborer, was admitted to hospital with complaints of 
progressive exertional dyspnea, starting three months prior to admission, and dependent 
edema for one week. There was no history to indicate rheumatic fever. He was well until 
onset of these symptoms. Examination revealed no cardiae enlargement, a Grade 2 
systolic murmur was heard to the left of the sternum, P, was greater than A, and there 
was one-plus pitting edema of both legs. The edema disappeared after digitalization. He 
was discharged without a definitive diagnosis having been made and was followed at home 
for three months. There was gradually increasing weakness without exertional dyspnea. 
During the six weeks prior to the second admission, there was a constant ache in the right 
anterior chest and the right upper quadrant of the abdomen, occasionally accompanied by 
Also, during this time, he had diarrhea consisting of several watery bowel move- 
ments daily. This was controlled with paregoric and never recurred during the remainder 
of the course. The weight remained steady. There was no history of asthma. The patient 


stated that at times his face felt warm “as if it were in an oven.” 


nausea, 


Ixternal view of heart showing prominent right heart enlargement, both atrial and 


1. 
ventricular. 


Examination at the second admission revealed an alert young Negro man, not ap- 
The skin and mucous membranes were normal, The 


pearing acutely or chronically ill. 
There was minimal venous 


blood pressure was 110/80 mm. Hg and the pulse was regular. 
pulsation in the neck. There was no cardiac enlargement. Grade 2 systolic and diastolic 
murmurs were heard best near the left sternal border in the second and third intercostal 
spaces and P, was greater than A,. The lungs were clear. The liver was palpable at the 
level of the umbilicus and was firm, nodular, and moderately tender without pulsation. 
Examination of the lower extremities revealed one-plus pitting edema to the mid-leg, 
bilaterally, Cardiac catheterization was performed establishing diagnoses of pulmonary 
hypertension, pulmonary insufficiency, and tricuspid insufficiency. Hemoglobin oxygen 
saturation determinations revealed no left-to-right shunt. A Vim-Silverman needle biopsy 
of the liver contained carcinoid tumor. 
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On a 2-gram salt diet, diuretics, continued digitalis, and bed rest, there was a twenty- 
pound weight loss during a period of a few days. 

Exploratory laparotomy revealed the liver at the level of the umbilicus and to con- 
tain numerous whitish tumor masses which measured 2 to 10 em. in diameter. The 
mesentery of the small intestine contained numerous tumor nodules having the same ap- 
pearance as those in the liver. No primary lesion was found. Biopsies were obtained from 
the liver and small intestinal mesentery and were found to contain carcinoid tumor. 


Fig. 2.—Right atrium, looking through widely patent tricuspid valve orifice. Note the great 
endocardial thickening, particularly evident on the cut edge of the atrial wall. 


Fig. 3.—Pulmonary valve. The severe involvement of the cusps is shown here. The com- 
missure on the left is retracted to demonstrate its fibrous fusion. 


Laboratory data: Hemoglobin, 13.3 granis per cent; hematocrit, 47 volumes per cent; 
sedimentation rate, 14 mm. per hour; white blood count, 5,900 em. per milliliter; blood 
amylase, 133 Somogyi units; VDRL, negative; and blood urea nitrogen, 19.5 mg. per cent. 
The stools were negative for blood, ova, and parasites. The urinalysis was normal. The 
serum bilirubin was 0.6 mg. per cent; alkaline phosphatase, 11.0 blood urea nitrogen; thymol 
turbidity, 0.3; albumin, 4.0 Gm. per cent; globulin, 2.56 Gm. per cent; the Bromsulphalein 
retention 19 per cent after 45 minutes, and cephalin flocculation negative at 24 and 48 
hours. An electrocardiogram on each admission revealed combined heart strain. Hemo- 
globin oxygen saturation determinations were as follows: Pulmonary artery—57.5 per 
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cent, right ventricle—54.9 per cent, right atrium—53.2 per cent, and femoral artery—91.3 
per cent. Qaulitative test for 5-hydroxy-indol-acetic acid in the urine was strongly 
positive.ss Chest x-rays made on both admissions were normal and revealed no total or 
chamber cardiae enlargement. 


The course was slowly downhill and the patient died fifteen months after the initial 
onset of symptoms. During the last three months there was increasing congestive heart 
failure not responding to therapy and intermittent small bowel obstruction requiring in- 
tubation. 


Fig. 4.—Medium high-power view of metastasis in liver. This pattern is typical of carcinoid 
tumors. As mentioned in the text, there is a fairly marked variation in nuclear size. 


Fig. 5.—Normal atrial wall (left) as compared with the right atrium (right) in this case. 
A, endocardium; B, myocardium. The extreme endocardial thickening is obvious. 


Pathologic findings: At autopsy, the peritoneal cavity contained many fibrous adhesions 
resulting in kinking of the small intestine. A small (114 em.), primary carcinoid tumor was 
found in the ileum, with local mesenteric and para-aortic Jymph node involvement. There 
was no peritoneal involvement. The liver contained many large yellowish-white tumor 
nodules and weighed 1,800 Gm. Except for some focal parenchymal hemorrhage in the 
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lower lobe of the right lung, the remaining findings were limited to the heart. The heart 
weighed 300 Gm. There was obvious right heart enlargement, both atrial and ventricular. 
The pulmonary valve admitted the tip of the little finger with difficulty, and the valve 
cusps were markedly fibrotic and stubby in appearance, with fusion of the commissures. 
The entire right atrium, including the auricular appendage, was rigid and showed a 
glistening, white, very firm endocardium which varied between 1 and 2 mm. in thickness. 
Its consistency on cutting was noted to be more like that of cartilage than fibrous connec- 
tive tissue. This process ended rather abruptly at the tricuspid valve, with only minimal, 
patchy involvement of the right ventricular endocardium. The tricuspid valve, however, 
had severely sclerotic leaflets which were thickened and retracted. The chordae tendineae 


Fig. 6.—Low-power view of a pulmonary valve cusp which has been converted into 
a mere protuberant nodule of fibrous tissue. There is a complete lack of involvement of the 
pulmonary artery (on the right) or the right ventricular endocardium (left). 


Fig. 7.—Right atrial endocardium under medium power; myocardium in upper left 
corner. The sclerosis, as seen here, is of a relatively acellular, fibrillar type. Note the 
absence of inflammatory infiltrate. 


were very short and thick, those of the septal cusp being only a few millimeters in length. 
As a result, there was an abnormally wide patency of the valve orifice with obvious incom- 
petency. The right ventricle was moderately hypertrophied, measuring 5 mm. in thickness. 
The mitral valve leaflets had only slight thickening at their free edges, and the chordae 
tendineae were very minimally affected, except for one from the anterior leaflet, which was 
considerably shortened. The left atrium, in contrast to the right, was soft, pliable, and 
of normal size. The endocardium did appear somewhat thickened, however. The left ven- 
tricle and aortic valve were entirely normal. 
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Microscopically, the primary tumor and its metastases demonstrated a_ typical 
carcinoid pattern, except for increased nuclear pleomorphism, possibly indicating a higher 
degree of malignancy, although this feature has been noted in many types of endocrine 
tumors. Sections from the right atrium showed a relatively acellular, poorly vascularized 
endocardial thickening with no inflammatory infiltrate present. Changes in the tricuspid 
valve were entirely similar, again showing no vascularization or inflammation. The pul- 
monic valve, however, did contain an increased number of blood vessels and lymphocytes 
near its ventricular surface. Histochemically, the abundant ground substance in the right 
atrial endocardium was strongly metachromatie with toluidine blue, while the delicate 
fibrils present took a positive Masson’s trichrome stain for connective tissue. The 
metachromasia was reversible with testicular hyaluronidase, giving the sclerotic endo- 
cardium a very close histochemical resemblance to cartilage. This is interesting in view 
of the gross similarity to cartilage in appearance and consistency (see above). There was 
a conspicuous lack of the “collagen scarring” and vescularization mentioned by Thorson 
and associates,t° as well as absence of the marked inflammatory infiltrate present in. 
McKusick’s case.23 In general, the histologic changes here appear distinctive, and do not 
seem to be those of a “burnt out endocarditis”! or a primary inflammatory process. 
Summary of Anatomic Diagnoses.— 

A. Carcinoid tumor of the ileum with hepatie and local lymph node metastases. 


B. Endocardial sclerosis of right atrium and pulmonary and tricuspid valves, with 
pulmonie stenosis and tricuspid insufficiency. Minimal thickening of mitral valve leaflets 
and their chordae tendineae. Right heart dilatation and hypertrophy. ; 


C. Peritoneal adhesions and kinking of small intestine. 


DISCUSSION 


It has been known for many years that a vasoconstrictor substance is 
present in the serum after blood has eclotted.2” *® The pharmacology of this 
material has been studied extensively in recent years, and has been isolated 
in pure form by Rapport,®° and given the name ‘‘serotonin.’’ This substance 
was subsequently synthesized by Hamlin and Fisher,'® in 1951, and is now 
known to be 5 OH tryptamine (5-HT). Experimental evidence indicates that 
the bulk of serotonin in the blood is carried in platelets but is not formed 
there,’ 

The souree of serotonin, however, was discovered by an entirely different 
method of investigation. Long ago, Masson’ considered the enterochromaffin 
system as a diffuse endocrine organ analogous to the pancreatic islets, and 
carcinoid tumors, which arise from these chromaffin cells, were held by him to 
be endocrine tumors. Erspamer,” ® '° in a long series of experimental studies 
on this subject, eventually extracted a hormonally active material from gastro- 
enterie mucosa, which he named “enteramine.” Later, he and Asero* showed 
this substance to be 5-HT, thus chemically identical to serotonin. Lembeck,”* 
in 1953, extracted large amounts of 5-HT from a carcinoid tumor, confirming 
the speculation of Masson forty years previously. The exact physiologic role 
or roles of 5-HT in the human body has not been determined conclusively ; 
however, the effects of administration have been studied in man and several 
species of animals by Page and co-workers,?” ** Comroe,* Reid,*® ** Correll, 
and Freyburger'! and their associates, Erspamer,” * '° and others. Except for 
the cardiac lesions, the main features of the syndrome are easily explained in the 
light of this experimental work on serotonin effects. The diarrhea finds its 
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counterpart in the evacuation of the bowels noted in dogs as well as the sub- 
jective desire for a bowel movement in man. ‘‘Asthmatie’’ attacks, or transient 
bronchial constriction, have been observed in cats by Comroe,* and similar 
effects were noted in rabbits and guinea pigs by Freyburger and his asso- 
ciates..1. The cardiae changes at present are entirely unexplained, although 
Thorson and co-workers,*? and MeKusick?* have speculated on them. That 
there is some direct effect of 5-HT on the endocardium appears certain, in view 
of the key case reported by MeKusick which showed marked left heart in- 
volvement in the presence of a patent foramen ovale. It has been shown by 
Page,** and others® '* ?° that 5-HT is detoxified in the lungs, explaining why 
such an abnormal opening is necessary for left heart involvement. In regard 
to the flushing phenomenon, Reid*? produced a red reaction without itching or 
whealing in human skin by intraeutaneous injection. This red area was sur- 
rounded by a zone of venoconstriction. In a patient, still living, reported by 
Daugherty and co-workers® manual pressure on a proved carcinoid tumor 
produced, after 90 seconds, a warm sensation followed by a red blush that 
lasted for one minute. Serum serotonin level determined during a period of 
nonflushing was zero (0), while during a flushing episode it was 167 meg. per 
100 ml. of serum. This certainly indicates a causal relationship between the 
)-HT released by the tumor and the flushing phenomenon. 

In considering all of the eases of this syndrome which are included in Table 
I, it is immediately apparent that the cardiovascular components present them- 
selves in the following observed combinations: (1) right heart changes, plus 
left heart changes, plus cutaneous phenomena, (2) cutaneous phenomena, 
(3) right heart changes, and (4) right heart changes plus cutaneous phe- 
nomena. 

Cases 9, 22, 23, and 26 represent four examples of combination No. 1. 
In Case 26, there was found at autopsy a patent foramen ovale. It can be 
concluded that 5-HT, in order to escape detoxification, must by-pass the lungs 
enroute to the left heart, or exceed the detoxifying capacity of the lungs. One 
can then, in theory, assume that in Cases 9, 22, and 23, 5-HT also by-passed the 
lungs. Evidence will be cited later to support the view that clinically un- 
recognized pulmonary arteriovenous fistulas represent the route of by-pass. 
Case 20 represents an example of combination No. 2 and would suggest that 
the 5-HT level is well below the detoxifying capacity of the lungs, since there 
were no right heart changes. Then again, it is suggested that 5-HT by-passed 
the lungs in order to get into the arterial circulation in its active form to pro- 
duce the cutaneous phenomena. Cases 7 and 8 are examples of combination 
No. 3. In these eases one ean theorize that there is no means for 5-HT to by- 
pass the lungs, that there was sufficient 5-HT in the blood returning to the 
heart to produce the right heart changes but still within the detoxifying 
capacity of the lungs, since there were no left heart changes and there was 
absence of cutaneous phenomena, i.e., flushing and telangiectasia. In carrying 
this same type of reasoning further, one would conclude that in patients cor- 
responding to combination No. 4, the 5-HT detoxifying capacity of the lungs 
was exceeded enough to deliver a sufficient amount to produce the cutaneous 
phenomena, but insufficient to produce the left heart changes. It would then 
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follow that a greater concentration of 5-HT in the blood reaching the systemic 
arterial cireulation is required to effeet the left heart changes than that re- 
quired to produce telangiectasis. 

In earrying out the above analysis, information from an entirely different 
souree took on particular significance. In 1955, Muri®> reviewed the literature 
and found 117 reported e»ses of pulmonary arteriovenous (A-V) fistula. Sixty- 
two (53 per cent) of these patients were reported to have telangiectasia. The 
other 55 may or may not have had it as the presence or absence was not re- 
ported. Muri mentioned that some of these patients had episodes of reddish- 
blue cyanosis. 

TABLE I 


25 26 27 28 


1) 12 13 14 15 16 17 18 19 202!) 2223 24 


SEX |F IE im 
AGE AT DEATH 19|63|—| |6s|65\68| —|33 
OVARIAN METAS. 
PULM. STEN. | 2 [+ +) +) +/+) 0) +/+) 
TRICUSP. INSUFF. 
ASTHMA 
AORTIC DISEASE 
MITRAL DISEASE +/+) —|+ 
REFERENCE NO. [Ti |Tp|T3|Tq [Ts [Te [To Golly 3 | A 
5HIAA 
(URINE) —|— —|—|—| +/+ 
TELANGIECTASIS + | +] +] + | | 0/0 
L, = living. 0 = proved absence. 

+ = proved. St. = stenosis. 

° = possible but not proved. Ti-Tis = cases reported by Thorson, et al.” 
a 5 HIAA = 5-hydroxy-indol-acetic acid. 


Goldman" considers pulmonary A-V fistula to be a manifestation of 
Rendu-Osler-Weber’s syndrome, i.e., a pulmonic manifestation of the telangiee- 
tasia. In view of the part played by 5-HT in the earcinoid-cardiovascular 
syndrome, it is proposed that 5-HT, which is known to be produced normally 
by the enterochromaffin system,® by-passes the lungs by way of the pulmonary 
A-V fistulas in sufficient quantity to produce the telangiectasia. We might 
then expand this reasoning to hypothesize that Rendu-Osler-Weber’s syndrome 
is a result of pulmonary A-V fistulas, whether or not they are clinically demon- 


strable. 
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RENDU-OSLER-WEBER’S SYNDROME 


Rendu-Osler-Weber’s syndrome (heredofamilial telangiectasia) is defined 
as telangiectasia of the skin and mucous membranes which is occasionally 
fatal, due to hemorrhage. Garland and Anning" reviewed the literature on 
this subject and presented voluminous evidence supporting the hereditary 
factor in this syndrome. 

As mentioned above, Goldman attempted to establish pulmonary A-V 
fistula as a manifestation of Rendu-Osler-Weber’s syndrome, i.e., telangiectasia 
of the lungs. We wish to challenge this concept in Rendu-Osler-Weber’s syn- 
drome and to offer a new explanation for its etiology with supporting evidence. 

The finding by Muri of telangiectasia (Rendu-Osler-Weber’s syndrome) | 
in 53 per cent of 117 eases of proved pulmonary A-V fistula proves a more than 
coincidental relationship between the two entities. Yater,’* Shefts,°7 Whitaker,*! 
and others support this view by stating that pulmonary A-V fistula should be 
considered a part of Rendu-Osler-Weber’s syndrome and cite supporting evi- 
dence for this statement. 

We wish to offer the hypothesis that the telangiectasis in Rendu-Osler- 
Weber’s syndrome is produced by 5-HT which escapes detoxification by by- 
passing the lungs via a pulmonary A-V fistula (or fistulas) which may or may 
not be demonstrable clinically or roentgenographically. Data reported by 
Daugherty and co-workers® and others establish that 5-I[T is a normal constitu- 
ent of the blood and is simply increased in patients who have the carcinoid- 
cardiovascular syndrome. There is conclusive evidence that pulmonary A-V 
fistulas exist which cannot be diagnosed clinically or roentgenographieally. The 
authors are conducting studies on consecutive routine autopsy cases to de- 
termine this incidence. 

The foregoing evidence would indieate that one should find telangiectasia 
in patients with intracardiac right-to-left shunts. In a personal communica- 
tion, Dr. Chester P. Lynxwiler, St. Louis, Mo., stated that telangiectasia is not 
uncommonly found developing in patients with the tetralogy of Fallot who 
survive to the second deeade and longer. The authors are investigating this 
incidence further, 


CONCLUSIONS 


1. It would seem that the concentration of 5-HT reaching the heart cham- 
bers must be greater to produce the endocardial changes than that required 
for the eutaneous phenomena. 

2. The length of time of exposure to 5-HT is obviously a factor in the 
production of the endocardial changes and telangiectasis, but not the flushing. 
In view of the fact that, in the reported eases of carcinoid-cardiovaseular syn- 
drome, there were several cases of telangiectasia without left heart changes 
but none with left heart changes and no telangiectasia, one can conelude that 
with a given concentration of 5-HT in the arterial cireulation, a longer time 
will be required to produce the left heart changes than to produce telangiectasia. 

3. The telangiectasia commonly seen associated with pulmonary A-V 
fistula is probably due to 5-HT escaping detoxification in the lungs by passing 
through the fistulas. 


2 

409 2 


SPARKS AND TOMBRIDGE J. Thoracic Surg. 
March, 1957 


+10 


4, Pulmonary A-V fistulas, which are not necessarily demonstrable e¢lin- 
ically or roentgenographically, are probably the route taken by 5-HT in by- 
passing the lungs and therefore escaping detoxification to produce the telan- 
giectasia in Rendu-Osler-Weber’s syndrome. If this is true, Rendu-Osler- 
Weber’s syndrome is a result of pulmonary A-V fistulas. In this event, the 
great amount of evidence in the literature to support the view that Rendu- 
Osler-Weber’s syndrome is an inherited characteristic then becomes evidence 
to support pulmonary A-V fistula as the inherited characteristic. Further in- 
vestigative work must be carried out to confirm this hypothesis. Cases of 
Rendu-Osler-Weber’s syndrome should be investigated for inereased blood 
levels of 5-HT and presence of pulmonary A-V fistula. Therefore, it is reeom- 
mended that in these cases chest x-rays be made, blood hemoglobin oxygen 
saturation be determined, and special procedures be carried out on autopsy 
material in search for pulmonary A-V fistulas not demonstrable clinically. 

d. In all cases of proved pulmonary A-V fistula, but especially those with 
telangiectasia, levels of 5-HT should be determined before and after the fistula 
is eradicated by surgery. At the same time, arterial hemoglobin oxygen satura- 
tions should be determined before and after surgery and compared to the 
changes found in the 5-HT levels. 


SUMMARY 
1. A review of the literature of the careinoid-eardiovaseular syndrome is 


presented and one ease added. 
2. The various features of the careinoid-cardiovascular svndrome are dis- 


cussed with particular emphasis on the probable role of right-to-left shunts in 
the evolution of the cardiovascular phenomena. 

3. An explanation for the telangiectasia seen in a large per cent of clinically 
demonstrable pulmonary A-V fistulas is offered with supporting evidence. 

4. The accepted hereditary factor in Rendu-Osler-Weber’s syndrome 
is challenged and a new explanation for its pathogenesis offered. 

5. Investigative procedures for patients with Rendu-Osler-Weber’s syn- 
drome and with clinically demonstrable pulmonary A-V fistulas are recom- 


mended. 
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THE USE OF ‘‘ARTERIALIZED’’ VENOUS BLOOD FOR THE 
DETERMINATION OF CHANGES IN THE ARTERIAL 0, AND 
CO, TENSIONS FOLLOWING HYPERVENTILATION 


Davip L. Brook, M.D.,* B. Knicut, Jr., M.D.,** 
AND Cooper, M.D.*** 
PROVIDENCE, R. I. 


¥ a previous publication,’ it was reported that the O, and CO, tensions of 
‘‘arterialized’’ venous blood approximated those of arterial blood in patients, 
at rest, with no clinical evidence of peripheral vascular disease. That study 
was the first part of an over-all evaluation of the use of ‘‘arterialized’’ venous 
blood as a substitute for arterial blood in determining changes in the pO, and 
pCO, of arterial blood following hyperventilation or exercise in normal subjects 
and in patients with or without cardiopulmonary disease. Bjork? had reported 
on the change in pO, and pCO, of arterial blood following hyperventilation and 
exercise. If ‘‘arterialized’’ venous blood could be substituted for arterial blood 
for the determination of these tensions, it would obviate the need for arterial 
punctures which may be more difficult to perform and which may involve more 
of a hazard to the patient. 

It has been reported that hyperventilation causes peripheral vasoconstric- 
tion.** Plethysmographie studies were, therefore, accomplished before, during, 
and after hyperventilation on a number of patients whose venous blood had 
been ‘‘arterialized’’ to determine to what extent hyperventilation interferes 
with the ‘‘arterialization’’ process. 

The present investigation was divided into three parts. In Part 1, the 
pO. and pCO, changes in ‘‘arterialized’’ venous blood after hyperventilation 
were studied. 

Part 2 concerned patients with pulmonary disease. The purpose of that 
study was to compare changes in gas tensions of arterial and ‘‘arterialized’’ 
venous blood after hyperventilation. No attempt was made to correlate the 
results of the blood gas determinations with abnormalities of pulmonary fune- 
tion. The results of such a study on a larger series of patients will be reported 
at a later date. 
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istration Hospital, Providence, R. I., and the Department of Surgery of the Boston University 
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ARTERIALIZED’’ VENOUS BLOOD 413 
In Part 3, the peripheral vascular response to hyperventilation in patients 
whose venous blood had been ‘‘arterialized’’ was studied by the impedance 
plethysmograph. 
METHODS AND CLINICAL MATERIAL 


The ‘‘arterialization’’ of venous blood was accomplished by the method of 
Weiner and Cooper,’ except that the forearm was immersed in water at a 
temperature of 44° to 46° C. for 20 instead of 10 minutes. A thermostatically 
controlled water bath was employed. The pO, and pCO, were determined 
by the method of Filley® with the Scholander blood gas tension apparatus. 
Thirty-unit Roughton-Scholander syringes were used. All tension deter- 
minations were accomplished in duplicate and mean values reported. The 
mean differences between duplicate determinations were 2.3 mm. Hg for pO. 
and 2.4 mm. Hg for pCO,. i 

It was found that a number of patients, with the forearm immersed in the 
water bath, complained of faintness after completing 20 seconds of maximum 
deep breathing, the method employed by Bjork. The same patients did not have 
that problem after taking five deep breaths (average time, 16.8 seconds). It 
was for that reason that hyperventilation consisting of five deep breaths taken 
at the patient’s own speed was employed in Parts 1 and 2. In Part 3, the 
responses of the peripheral vascular system to the two methods of hyperventila- 
tion were studied. 

All subjects were male adults and patients at the Veterans Administration 
Hospital, Providence, R. I. 

In Part 1, 20 patients were studied. They had no elinical evidence of 
pulmonary or eardiovascular disease. The 8 patients studied in Part 2 had 
no evidence of peripheral vascular disease, but did demonstrate varying degrees 
of pulmonary dysfunction. The established clinical diagnoses on these patients 
are presented in Table I. Arterial blood was obtained from the brachial artery 
24 hours after the ‘‘arterialized’’ venous blood samples because the intricacies 
of blood gas tension analysis techniques precluded simultaneous examination of 
the number of arterial and ‘‘arterialized’’ venous blood samples necessary to 
make the comparisons with duplicate determinations. The 18 patients studied 
in Part 3 had no elinieal evidence of pulmonary or cardiovascular disease. 


TABLE I.—ESTABLISHED DIAGNOSIS OF PULMONARY DISEASE—S8 PATIENTS IN WHOM THE PO, 
AND PCO, OF ‘‘ ARTERIALIZED’’ VENOUS BLOOD AND ARTERIAL BLOOD BEFORE AND 
AFTER HYPERVENTILATION WERE COMPARED 


PATIENT | PULMONARY DISEASE 

Diffuse pulmonary metastases from carcinoma of prostate* 

Left pneumonectomy, and thoracoplasty, postoperative for car- 
cinoma of lungt 

Right middle lobectomy, postoperative, for bronchiectasis; bron- 
chiectasis, left lower lobe 

Right pneumonectomy, postoperative, for carcinoma of lung 

Chronic bronchitis and emphysema 

Chronic bronchitis and emphysema* 

Postoperative decortication for pyoneumothorax, right* 

Silicotuberculosis, bilateral 


*Dyspnea at rest. 
+Dyspnea on exertion. 


hee 

) 


414 BROOK, KNIGHT, AND COOPER J. Thoracic Surg. 
March, 1957 


Plethysmographie tracings were taken from the right index finger before, during, 
and after five deep breaths, and before, during, and after a 20-second period 
of maximal deep breathing, while the right forearm of each patient was immersed 


‘*Arterjalized”’ 


Before o After 
p» BEFORE & AFTER 5 DEEP BREATHS 


Fig. 1.—The pO2 of “arterialized’’ venous blood before and after five deep breaths—20 patients 
with no pulmonary or cardiovascular disease. 


in a water bath for ‘‘arterialization.’’ The impedance plethysmograph employed 


was fabricated in this Laboratory and is a modification of one described by 
Dubois and Nims.’ 


All data were statistically analyzed, using the ‘‘t’’ test of Fisher, and a P 
yalue of 0.05 or less was considered significant. 
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RESULTS 

The effect of hyperventilation on the pO, and pCO, of ‘‘arterialized 

venous blood (Part 1) on 20 male patients with no clinical evidence of pulmonary 

or cardiovascular disease is shown in Table II, and graphically presented in 

Figs. 1 and 2. Hyperventilation produced a significant inerease in pO, (mean 

change, +10.4 + 1.1), and a significant decrease in pCO. (mean change, --9.7 + 1.1 
mm. He). 


35h 


30} 


15 


arterialized'’ 


e Before oAfter 


p £0, BEFORE & AFTER 5 DEEP BREATHS 


Fig. 2.—The pCO: of “arterialized’’ venous blood before and after five deep breaths—20 patients 
with no pulmonary or cardiovascular disease. 


The results of Part 2 of the study, comparing pO. and pCO, of arterial 
and ‘‘arterialized’’ venous blood following hyperventilation, are shown in Tables 
III, IV, V, and VI, and graphically presented in Figs. 3 and 4. Hyperventila- 
tion produced a significant increase in pO, in both ‘‘arterialized’’ venous blood 
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TABLE II. Data ON THE Errect OF HYPERVENTILATION OF PO, AND PCO, OF ‘6 ARTERIALIZED 


BROOK, KNIGHT, AND COOPER 


J. Thoracic Surg. 
March, 1957 


9? 


VreNouS BLOOD—PATIENTS WITHOUT PULMONARY OR CARDIOVASCULAR DISEASE 


pO, MM. Hg 


pco, MM. Hg 


CASE NO. | BEFORE | AFTER | DIFFERENCE | BEFORE | AFTER | DIFFERENCE 
1 11.9 92.5 +14.6 39.3 22.7 —16.6 
2 75.7 83.4 + 7.7 42.2 35.9 — 6.3 
3 72.0 78.9 + 6.9 51.4 39.1 -12.3 
4 83.9 82.4 - 15 41.3 35.3 — 6.0 
5 69.6 92.9 +23.3 39.8 28.9 -10.9 
6 69.6 78.0 + 8.4 45.8 29.7 -16.1 
7 94.0 101.4 + 7.4 35.3 29.6 — 5.7 
8 83.5 97.6 +14.1 35.7 32.4 — 3.3 
9 77.5 92.6 +15.1 49.7 37.7 -12.0 
10 719 85.9 +14.0 37.3 29.8 =o 

11 73.6 83.0 + 9.4 47.4 36.3 -11.1 
12 78.6 87.6 + 9.0 43.8 38.9 - 4.9 
13 89.3 102.6 +13.3 41.1 18.7 -22.4 
14 81.8 88.7 + 6.9 43.1 38.4 - 4.7 
15 82.2 91.0 + 8.8 44.2 34.6 — 9.6 
16 iz. 85.0 +12.3 42.9 31.7 -11.2 
7 83.9 90.2 + 6.3 43.8 39.2 —"4.6 
18 80.3 86.9 + 6.6 44.6 34.9 - 9.7 
19 75.2 90.9 +15.7 45.6 38.5 - 7.1 
20 84.8 94.3 + 9.5 39.2 26.6 -12.6 


Mean pO.—before hyperventilation 
78.9 + 1.5 


Mean pO,—after hyperventilation 
89.3 + 1.5 


Mean difference—paired comparison method 
+10.4 + 1.1 


P = 6,0001 


Mean pCO,—before hyperventilation 
42.7 + 0.9* 


Mean pCO,—after hyperventilation 
32.9 + 1.3 


Mean difference—paired comparison method 
-9.7 + 1.1 


P = 0.0001 


*Standard error of the mean. 


TaBLE IIT. DATA ON THE EFFECT OF HYPERVENTILATION ON THE PO, AND PCO, OF ‘¢ ARTERIAL- 
IZED’? VENOUS BLOOD—PATIENTS WITH PULMONARY DISEASE 


| pO, MM. Hg pco, MM. Hg 
PATIENT | BEFORE | AFTER | DIFFERENCE | BEFORE | AFTER DIFFERENCE 
a 53.0 51.8 — 1,2* 30.3 32.2 + 1.9 
b 72.4 87.6 +15.2 40.9 22.3 -18.6 
e 83.5 93.5 +10.0 41.1 35.7 — 5.4 
d 79.3 85.5 + 6.2 40.3 32.6 - 7.7 
e 71.2 79.0 + 7.8 35.4 33.2 — 2.2 
f 61.2 69.2 + 8.0 45.0 37.8 - 7.2 
g 68.8 76.6 + 7.8 44.1 30.7 -13.4 
h 66.4 81.5 +15.1 52.2 40.8 -11.4 
Mean pO,—before hyperventilation Mean pCO,—hefore hyperventilation 
69.5 + 3.3 41.2 + 2.2 


Mean pO.—after hyperventilation 


78.1 + 4.6 

Mean differenee—paired comparison method 
+8.6 + 1.8 

t = 465 P = 05002 


Mean pCO,—after hyperventilation 
2 + 2.0 


Mean difference—paired comparison method 
2 


4 = 3.56 P = 0.007 


*Patient a appeared to hyperventilate satisfactorily. The results may indicate a diffusion 
defect due to extensive metastases. 
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TABLE IV. DATA ON THE EFFECT OF HYPERVENTILATION ON THE PO, AND PCO, OF ARTERIAL 
BLOOD—PATIENTS WITH PULMONARY DISEASE 


| po, MM. Hg pco, MM. Hg 
PATIENT BEFORE | AFTER | DIFFERENCE BEFORE | AFTER | DIFFERENCE 
a 54.1 53.2 — 0.9* 30.6 29.4 - 12 
b 96.2 99.6 + 3.4 42.1 35.5 — 6.6 
¢ 87.9 102.8 +14.9 41.7 31.4 -10.3 
d 80.1 93.8 +13.7 52.0 41.7 -10.3 
e 84.4 99.2 +14.8 30.4 29.5 - 0.9 
f 60.9 90.7 +29.8 48.4 35.0 -13.4 
g 74.9 85.8 +10.9 45.6 35.4 —10.2 
h 72.6 96.3 +23.7 37.7 32.3 — 5.4 
Mean pO.—before hyperventilation Mean pCO.—before hyperventilation 
76.4 + 4.9 41.1 2.7 
Mean pO.—after hyperventilation Mean pCO,—after hyperventilation 
90.2 + 5.6 33.8 + 1.4 
Mean difference—paired comparison method Mean difference—paired comparison method 
+13.8 + 3.5 7.3 + 1.6 
t= 39 P = 0.005 eee P = 0.002 


*See Table III. 


(mean inerease, 8.6 + 1.8 mm. Hg) and in arterial blood (mean increase, 
13.8 + 3.5). The inereases in pO, in ‘‘arterialized’’ venous blood and in arterial 
blood were not significantly different (P — 0.21, Table V). Hyperventilation 
produced a significant decrease in pCO, in both ‘‘arterialized’’ venous blood 
and arterial blood. The mean decrease in ‘‘arterialized’’ venous blood was 
8.1 + 2.3 mm. Hg, and the mean decrease in arterial blood was 7.3 + 1.6 mm. Hg. 
The mean decrease in pCO, produced by hyperventilation in ‘‘arterialized’’ 
venous blood did not differ significantly from that produced in arterial blood 
(P = >0.56, Table V). Further analysis of the data shows that the mean pO, 
of ‘‘arterialized’’ venous blood and arterial blood before and after hyperven- 
tilation showed no significant differences (P = 0.25 and P = 0.112, respectively, 
Table V). Similarly, the pCO, levels before and after hyperventilation also 
revealed no significant differences (P = 0.56 and P = 0.56, respectively, Table 
V). 
TABLE V. COMPARISON OF THE EFFECT OF HYPERVENTILATION ON THE PO, AND PCO, OF 


‘* ARTERIALIZED’’ VENOUS BLOOD AND ARTERIAL BLOOD—PATIENTS 
WitH PULMONARY DISEASE 


‘* ARTERIAL- 
IZED’? ARTERIAL t P 
pO, mm. Hg 
Mean difference—paired comparison 
method +8.6 + 1.8 +13.8 + 3.5 1.31 0.21 
Mean—before hyperventilation 69.5 +3.3 76.4 + 4.9 1.16 0.25 
Mean—after hyperventilation 78.1+ 4.6 90.2 + 5.6 1.68 0.11 
pco, mm. Hg 
Mean difference—paired comparison 
method -814£23 -7.3+41.6 0.27 >0.56 
Mean—before hyperventilation 412+2.2 41.1 + 2.7 0.03 >0.56 
Mean—after hyperventilation 33.2 + 2.0 33.8 + 1.4 0.25 >0.56 
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In Table VI, the pO. and pCO, determinations of ‘‘arterialized’’ venous 
blood and arterial blood before hyperventilation, and after hyperventilation, 
were analyzed by the paired comparison method. This analysis revealed a 
difference of only borderline significance between the pO. of ‘‘arterialized”’ 
venous blood and arterial blood before hyperventilation (P = 0.047); after 
hyperventilation, however, the difference between the pO, levels of the two 
bloods was significant (P = 0.001). The pCO, levels analyzed by the same 
method showed no significant differences. 


mm. of Hg 


“*Arterialized”’ Arterial 
Before oafter Before After 


p92 BEFORE & AFTER 5 DEEP BREATHS 


Fig. 3.—The pO: of “arterialized’ venous blood and arterial blood before and after five deep 
breaths—8 patients with pulmonary disease. 


In Part 3, plethysmographie tracings were analyzed by the method depicted 
in Fig. 5. The amplitude changes and base line shifts were determined. The 
results of analysis of these studies are shown in Table VII, and graphically 
presented in Fig. 6. Statistical analysis revealed a significant tendency to 
vasoconstriction with both types of deep breathing. There were no significant 
differences in the changes produced by the five deep breath and the 20 seconds 
of maximal deep breathing. A few patients showed some vasodilatation. 
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DISCUSSION AND SUMMARY 


This study was concerned primarily with the effect of hyperventilation on 
the pO. and the pCO, of ‘‘arterialized’’ venous blood. A five deep breath 
hyperventilation method was employed. In the first part of the study, in 
patients without clinical evidence of pulmonary or cardiovascular disease, it 
was found that the pO. was significantly elevated and the pCO, significantly 
depressed following hyperventilation. 


“Arterialized”’ Arterial 


o After Before 


peO, BEFORE & AFTER 5 DEEP BREATHS 


Fig. 4.—The pCO: of “arterialized’’ venous blood and arterial blood before and after five deep 
breaths—8 patients with pulmonary disease. 


The second part of the study on patients with pulmonary disease compared 
“‘arterialized’’ venous blood and arterial blood. Comparison of the mean 
pO. and pCO, of ‘‘arterialized’’ venous blood and arterial blood before and 
after hyperventilation revealed no significant differences. However, usire the 
paired comparison method, it was found that the mean differences between the 
pO, of ‘‘arterialized’’ venous blood and arterial blood before and after hyper- 
ventilation were statistically significant. 

The mean differences in pO, levels between the two blood samples before 
hyperventilation were of borderline significance, but after hyperventilation 
were of definite significance. The mean differences between the pCO, levels in 
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TABLE VI. COMPARISON OF THE PO, AND PCO, OF ‘‘ ARTERIALIZED’’ VENOUS BLOOD AND AR- 
TERIAL BLOOD BEFORE AND AFTER HYPERVENTILATION 


| pO, MM. Hg pco, MM. Hg 
PATIENT ARTERIAL | ARTERIALIZED’’ | DIFFERENCE] ARTERIAL | ‘©ARTERIALIZED’? | DIFFERENCE 
Before 

a 54.1 53.0 - 1.1 30.6 30.3 = 10:3 
b 96.2 72.4 —23.8 42.1 40.9 - 1.2 
e 87.9 83.5 — 4.4 41.7 41.1 — 0.6 
d 80.1 79.3 = 08 52.0 40.3 -11.7 
e 84.4 71.2 -13.2 30.4 35.4 + 5.0 
f 60.9 61.2 + 0.3 48.4 45.0 — 3.4 
g 74.9 68.8 - 6.1 45.6 44.1 a5) 
h 72.6 66.4 - 6.2 Stat 52.2 +14.5 

Mean difference = -6.9 + 2.9 Mean difference = +1.0 + 2.6 

238 P = 0047 == O38 Ser 

After 

§ 53.2 51.8 - 14 29.4 32.2 + 2.8 
b 99.6 87.6 —12:0 35.5 22.3 -13.2 
e 102.8 93.5 —- 93 31.4 35.7 + 4.3 
d 93.8 85.5 — 8.3 41.7 32.6 - 9.1 
e 99.2 79.0 -20.2 29.5 33.2 
f 90.7 69.2 —21.5 35.0 37.8 + 2.8 
g 85.8 76.6 -— 9.2 35.4 30.7 - 4.7 
h 96.3 81.5 -14.8 32.3 40.8 + 8.5 

Mean difference = —-12.1 + 2.3 Mean difference = -0.6 + 2.7 

+ =. 5.26 P = 0.001 O22 P= 057 


TABLE VII. IMPEDANCE CHANGES, INDEX FINGER oF RIGHT HAND, AFTER FIVE DEEP BREATHS 
AND 20 SecoNDS OF MAXIMUM DEEP BREATHING—AMPLITUDE CHANGE 
AND BASE LINE SHIFT 


| AMPLITUDE CHANGE (OHMS) BASE LINE SHIFT (OHMS) 
20 SECONDS DEEP FIVE DEEP 20 SECONDS DEEP 
FIVE DEEP BREATHS BREATHING BREATHS BREATHING 
NO DIF- | DIF- 
CASE | BEFORE sei FERENCE | BEFORE — FERENCE DIFFERENCE | DIFFERENCE 
1 0.64 0.50 -0.14 | 0.55 0.52 —0.03 —2.00 -0.27 
2 0.19 0.19 0.0 0.18 0.18 0.0 —2.38 -1.71 
3 0.42 0.23 -0.19 | 0.24 0.24 0.0 -1.92. -1.84 
4 0.38 0.36 -0.02 | 0.30 0.20 —0.10 -1.52 -2.50 
5 0.08 0.14 +0.06 | 0.10 0.10 0.0 —1.33 +0.48 
6 0.13 0.08 —0.05 0.12 0.12 0.0 -0.17 —0.84 
7 0.17 0.17 0.0 0.17 0.17 0.0 0.0 0.0 
8 0.63 0.50 -0.13 0.44 0.38 —0.06 —4.13 —2.09 
9 0.27 0.27 0.0 0.36 0.27 -0.09 -1.34 -2.07 
10 0.54 0.63 +0.09 0.45 0.54 +0.09 -1.16 -1.34 
11 0.08 0.08 0.0 0.25 0.17 —0.08 0.0 0.0 
12 0.86 0.86 0.0 0.80 0.71 —0.09 -5.0 -0.61 
13 0.22 0.13 -0.09 | 0.31 0.31 0.0 +1.22 +1.97 
14 0.30 0.26 -0.04 | 0.33 0.28 —0.05 -1.25 -1.25 
15 0.21 0.21 0.0 0.11 0.17 +0.06 0.0 -0.63 
16 0.83 0.69 -0.14 | 0.77 0.77 0.0 0.0 4.81 
as 0.59 0.51 -0.08 | 0.36 0.41 +0.05 +1.10 -1.00 
18 0.49 0.29 -0.20 | 0.45 0.55 +0.10 +1.09 +1.11 
Mean difference = Mean difference — Mean difference Mean difference 
0.05 + 0.02 —0.01 + 0.01 = -1.04+040 = -0.97 + 0.36 
t = 0:8 4 = 2:61 
P = 0015 ‘P = 0.43 P = 0.02 P = 0095 
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Fig. 5.—Photograph of plethysmographic tracing taken before, during, and after five 
deep breaths, demonstrating the method of determining the amplitude change and base line 
shift. The tracing was on slow speed during the five deep breaths. «@, Amplitude before 
hyperventilation; b, amplitude after hyperventilation; c, base line shift, and d, 1 ohm 
standard. 1, 2, 3, 4, and 5 indicate the time for each deep breath. 


Dilatation 


5 Deep 20 Seconds 5 Deep 20 Second 
Breaths Deep Breathing Breaths Deep Breathing 


AMPLITUDE CHANGE BASE LINE SHIFT 


CHANGE in FINGER IMPEDANCE 


Fig. 6.—Scattergram of amplitude change and base line shift—18 patients with no 
pulmonary or cardiovascular disease—as measured by the electronic plethysmograph before 
and after five deep breaths and 20 seconds of deep breathing. 
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‘‘arterialized’’ venous blood and arterial blood before and after hyperventilation 
showed no significant differences. The comparatively lower pO, of ‘‘arterial- 
ized’’ venous blood after hyperventilation was shown by the impedance plethys- 
mograph to be due to vasoconstriction which oceurred in most patients in 
Part 3 of the study, and reduced to some degree the vasodilation produced by 
the ‘‘arterialization’’ process. 

‘* Arterialized’’ venous blood may be used as a substitute for arterial blood 
in studying changes produced by hyperventilation in the O, and CO, tensions. 
It is felt that the numerical difference in pO, tensions between the two bloods, 
as shown by the paired comparsion method, does not preclude the use of 
‘‘arterialized’’ venous blood for that purpose. 


Statistical methods and data were reviewed in detail by Herman B. Chase, Bio- 
metrician and Professor of Biology at Brown University, Providence, R. I. 

We wish to acknowledge the technical assistance of Mrs. Dorothy H. Burke, Bio- 
chemist, Surgical Research Laboratory, Veterans Administration Hospital, Providence, R. I. 
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In Memoriam 


EGGrers 
Marcu 14, 1879—Ocroser 24, 1956 


ARL EGGERS, outstanding example of the best in American surgery, came 

to this country, a fatherless teen-age boy, in the 1890’s. He brought with 
him a heavy sense of responsibility to his widowed mother and his younger 
brother in Oldenburg, Germany. Those close family ties were never broken. 
Not even the emotional stresses of World War I could affect them. An uncle 
in Hempstead, Long Island, offered him a home in this new country and a 
friendly shelter until he could establish himself in the land of opportunity ; 
but young Carl had to work his own way. He, also, had to make a very im- 
portant decision. He wanted, with all his heart, to be a doctor, but that would 
take time, years of time; it would cost money, money that he would have to 
earn; and, most serious of all, it would postpone the day when he could con- 
tribute to his mother’s support. There were other professions, such as engineer- 
ing or dentistry, that would yield earlier financial returns, but medicine tri- 
umphed and it is nice to know that Carl Eggers’ mother lived to see her son 
firmly established in his chosen profession and to receive generously from his 
earnings. Even so, Carl Eggers had to forego a college education and he was 
28 years old when he received his hard won and treasured degree in Medicine 
from Columbia’s College of Physicians and Surgeons in 1907. 

What could be more natural than that Carl Eggers should seek for and 
obtain an internship at New York’s ‘‘German Hospital,’’ renamed, during 
World War I, the Lenox Hill Hospital. There he served a two and one-half 
year internship, 1908 to 1910, years when foundations were being laid for some 
of America’s contributions to thoracic surgery; Willy Meyer’s first lobectomy 
was performed there in 1909, and the famous ‘‘negative pressure chamber’’ was 
placed in operation in 1909. From 1910 to 1914 young Dr. Eggers was on duty 
in the Surgical Dispensary and, in 1914, he became Adjunct Surgeon on the 
Ward Service. More thoracic history was written at that hospital in those 
years: Franz Torek carried out the first suecessful resection of the esophagus 
in 1913; the bronchoscopist was established as a valued partner of the thoracic 
surgeon in the care of pulmonary suppuration; and William H. Stewart demon- 
strated the feasibility of pneumoperitoneum. Carl Eggers, himself, often 
served as anesthetist for Willy Meyer’s thoracic operations done in the ‘‘nega- 
tive pressure chamber.’’ Eggers was promoted to Associate Surgeon in 1918; 
Attending Surgeon in 1924; Consulting Surgeon, but such an active participant, 
two years after the usual age limit would compel one to relinquish the title of 
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‘‘attending.’’ During those active years Carl Eggers contributed his share 
to the growth and expansion of thoracic surgery. THe is credited with the 
fourth suecessful resection of the esophagus for carcinoma, in this country. 

His whole professional life was closely identified with the Lenox Hill Hos- 
pital. His office was just across the street; he lived just across the street; to 
that hospital went his library, his office equipment, and his record files and, in 
return, out of love and affection for the man who had served so long, so gener- 
ously, and so selflessly, the Trustees of Lenox Hill Hospital voted to name the 
operating room suite of the planned new building, ‘‘The Dr. Carl Eggers 
Operating Suite.’’ Word of that honor came to Carl Eggers during his last 
sickness. He was deeply moved. The subscription books have not yet been 
closed on the funds for that new building program. 


CARL EGGERS 
1879-1956 


Carl Eggers was elected to membership in the American Association for 
Thoracic Surgery in the interval between the organization meeting of 1917 and 
the first Annual Meeting, in 1918. At the time of the ‘‘luncheon meeting at 
the Waldorf’’ in June, 1917, when the Association was organized, it was 
realized that many men who should have been included with the fifty founders 
were prevented from attending by reason of wartime duties or circumstances. 
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The Council was therefore empowered to elect, prior to the first annual meet- 
ing, such additional members as had already demonstrated their interest and 
ability in thoracic surgery. Fifteen men were so elected; Carl Eggers was in 
that group. He was a very active member, rarely missing a‘meeting, always 
participating in the scientifie discussions, and frequently appearing on the 
scientific programs as essayist. In 1927, he was elected Treasurer and served 
for six years; in 1935 he served as Vice President; in 1936 as President; and 
in 1937 on the Council. Twelve times during his twenty-four years of active 
membership he served on some committee assignment and after his retirement 
to senior membership in 1944 he was made chairman of the Association com- 
mittee to consider the establishment of the Board of Thoracic Surgery. We 
are all familiar with the very great contribution that he made in that capacity. 

In World War I, Carl Eggers applied for and received a commission in the 
Medical Corps of the Army of the United States. He served as Captain at 
Camp Jackson and saw the devastating effects of the influenza epidemic and 
of post-influenzal empyema. A Major, he served as S. G. O. Consultant in 
Thoracic Surgery. In that capacity, he came to Walter Reed General Hospital 
in the late summer of 1919. The author of this memoir was on duty there as 
Chief of the Empyema Section of the Surgical Service. Carl Eggers’ mission 
was to expedite the definitive care of the more refractory eases. He had power, 
if he felt it advisable, to take over the conduct of the Section. Anything could 
happen. Courteous, kind, gentle, Carl Eggers became a most welcome guest, 
welcome alike to personnel on duty and to patients. The Schede operation was 
the approved method of dealing with chronic empyema eases that had resisted 
all gentler means. Four ‘‘Schedes’’ were listed each day and the Consultant 
shared the cases equally with the Walter Reed personnel. What a preceptor 
he proved to be. The Walter Reed assignment was Carl Eggers’ last duty with 
the Army. Rank was not bestowed lavishly in World War I. Few doctors 
from civil life received more than a Major’s gold leaves. But one day Carl 
Eggers appeared with the silver leaves of Lieutenant Colonel and the next day 
he was out of uniform and back in mufti. It was the Army’s accepted way of 
saying ‘‘well done’’ for outstanding professional services. 

On Mareh 15, 1919, the day after his fortieth birthday, Carl Eggers mar- 
ried Mrs. Caroline J. Bolter in Chicago, Ill. It was a most happy marriage, as 
those who have been guests in the Eggers’ home ean well attest. Mrs. Eggers’ 
father, Edward Henes, had been a trustee of the German Hospital and her 
brother, Dr. Edwin Henes, was a member of the professional staff. Mrs. Eggers, 
herself, was vitally interested in the hospital’s welfare and worked hard on the 
Ladies Aid Society. Mrs. Eggers, her two sons, and five grandchildren survive 
Carl Eggers. 

For all his heavy duties at Lenox Hill Hospital, Carl Eggers found time 
to serve on the surgical staffs of New York Skin and Cancer Hospital (Asso- 
ciate, Attending, Director of Surgery), as Director of Surgery at Stuyvesant 
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Square Hospital, to serve as Clinical Professor of Surgery on both the Columbia 
and the New York University Medical Faculties and as Consultant Surgeon to 
three other New York City hospitals. 

He was particularly interested in the training of physicians, young and 
old. For six years he was chairman of the Committee on Medical Education of 
the New York Academy of Medicine. He was credited with outstanding service 
in this field. 


To the young men who passed through Lenox Hill Hospital as intern or 
resident, he endeared himself. Herbert (. Maier has spoken well for this group: 


Those young surgeons who had the good fortune to receive training under 
the guidance of Doctor Carl Eggers well realize that he exemplified the true 
physician. By his daily acts in the intimate personal eare of his patients he 
demonstrated to his associates and house staff that in careful and sympathetic 
attention to the surgical, medical and personal problems of the patient lay the 
path to the highest type of medical care. Though a busy surgeon, he did not 
delegate wearisome details to others but obviously regarded them as his responsi- 
bility so that the patient could place full trust in him. Little wonder that such 
confidence was engendered in his patients. 

Doctor Eggers also exemplified that an attending on the staff of a hospital 
not closely affiliated with a medical school may nevertheless be at the forefront 
of surgical teaching and contribute to scientific advances. Doctor Eggers had a 
profound interest in the personalized training of young surgeons and he had the 
foresight to recognize the pitfalls of early narrow specialization. He therefore 
urged that a broad training in general surgery be obtained irrespective of the 
degree of specialization later to be practiced. 


Honors came to Carl Eggers in abundance. A few days after his seventy- 
fifth birthday (1954), he was guest of honor at a surprise dinner given in his 
honor by the executive, administrative, and professional staffs of the Lenox 
Hill Hospital in the Waldorf-Astoria Ball Room. He was the recipient of a 
gold medal commemorating the occasion and of an album of pictures taken of 
those in attendance. Later, in 1954, he paid a visit to his birthplace, Oldenburg, 
Germany, and was made an honorary citizen of the town. Carl Eggers had to 
sign the roll book of honorary citizens and enter some short remark. Mrs. 
Eggers reported that he thought a moment, then smiled, and in fine German 
seript wrote briefly and simply his life’s philosophy: Jt is so easy to do good 
in the world and it makes one so happy. 

—EtuHan Butier, M.D. 


